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© Chemical compounds. 

Compounds of structure (I) 
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■ in which. R' is -CH,CR*R , NR 4 R 5 or YCOR\ R J is hydrogen 
or Chalky!; R 3 is hydrogen or -COR'; R 4 is hydrogen or 
Chalky!; R* is hydrogen, C^alkyl or C^aJkanoyl; R l is 



hydroxy, Ci^aikoxy, or -NR 4 R 5 ; Y is a bond or Ci. 
^alkylene; R 7 and R* are the same or different and are 
each hydrogen, halogen, Ci^aJkyl. nitro or amino; X is 



Rank Xerox 
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oxygen, sulphur, or CH 2 ; R* is hydroxy or a bioprecursor 
theri20; R'° is hydrogen or Ci^alkyl; and Ar is 4- 
-hydroxyphenyl, 5-hydroxy-2-pyridyi, 6-oxo-3(lH)-pyridyl or 
a 6-oxo-3(i H)-pyridazinyl group and pharmaceutical^ ac- 
ceptable saJts thereof, processes for their preparation, inter- 
mediates useful in their preparation, pharmaceutical com- 
positions containing them and their use in therapy as an- 
tihyperiipidaemic agents. 
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The present invention relates to novel chemical com- 
pounds, processes for their preparation, intermediates useful 
in their preparation, pharmaceutical compositions containing 
them and their use in therapy. 

The naturally occurring thyroid hormones. 3,5,3'- 5 
-trikxJo-L-thyronine (T 3 ) and 3,5.3\5MetraicKJo-L-thyronine - 
(T») are used in replacement therapy in cases of thyroid 
deficiency in man. 

In addition; thyroid hormones and thyromimetc ana-* 
logues thereof have been given to individuals with a view to W 
treating other conditions (Burrow, G.N., "Thyroid Hormone 
Therapy in non-Thyroid Disorders". The Thyroid. Eds Wer- 
ner, S.C. and Ingbar, S. H. t 4th Edition, Harper and Row, 
1978, 974). For example, T, and T 4 have been used in the 
treatment of obesity (Qwinup, G., and Poucher, R. Am. J. 15 
Med. Sci., 2§4, 416. 1976. Asher, W.L., Current Therapeu- 



tic Res. 14_, 525, 1972) and T 4 and certain thyromimetics 
have been shown to lower serum cholesterol concentrations 
in atherosclerotic patients (The Coronary Drug Project Re- 
search Group. JAMA, 2JQ, 996, 1972). However, the direct 
cardiac effects encountered at doses ' greater than those 
used in replacement therapy have restricted the widespread 
use of thyroid hormones and thyromimetic analogues there- 
of as therapeutic agents. 

The compounds of the present invention are structur- 
ally related to T, and T 4 and have been found to exhibit 
selective thyromimetic activity. When administered to test 
animals, they mimic the effects of thyroid hormones in 
certain tissues at doses which have little or no direct 
thyromimetic activity on the heart 

The present invention therefore provides, in a first 
aspect a compound of structure (I) 



20 



R 

HC< 10 IT 
Ar 



AO 

in which, 

R' is «CH,CR 2 R J NR*R* or YCOR': ^ 
R' is hydrogen or C i^alkyl; 
R* is hydrogen or -COR*; 

R* is hydrogen or Ci^alkyl; 50 
R* is hydrogen, d^alkyl or Ci^alkanoyl; 
R* is hydroxy. Ci^alkoxy. or -NR*R S ; 
Y is a bond or d^alkylene; 

R' and R' are the same or different and are each hydrogen, 
halogen, C1.4 alkyl. nitro or amino; 6Q 

X is oxygen, sulphur, or CH,; 

R' is hydroxy or a bioprecursor thereof; 

R'° is hydrogen or d^alkyf; and 65 



Ar is 4-hydroxyphenyl, 5-hydroxy-2-pyridyl. 6-oxo-3(1H)- 
-pyndyl or a 6-oxo-3(lH)-pyridazinyl group, 

or a pharmaceutical ly acceptable salt thereof. 

Suitably R J is hydrogen; preferably R 1 is COR*. Suit- 
ably R* is C^aJkyl and R' is hydrogen. Chalky! or Ci. 
^alkanoyi; preferably R* and R 5 are both hydrogen. Suitably 
R' is Ci^aikoxy or NR*R 5 ; preferably R* is hydroxy. 

Suitably Y is a bond. Preferably Y is C^alkyiene; 
most preferably Y is methylene, propylene or butytene. 

Suitably R' and R" are the same or different and are 
each hydrogen, nitro or amino. Preferably R' and R' are 
both Ci-4alkyl; most preferably R' and R" are the same and 
are each halogen. 

Suitably X is CH,. Preferably X is sulphur, most prefer- 
ably X is oxygen. 

Suitably R* is a bioprecursor of a hydroxy group for 
example, Ci^ alkoxy, aryl Ci^alkoxy (for example 
OCH,Ph), C i^aJkanoytoxy (for example OCOCH 3 ), arylCi. 
^alkanoytoxy (for example OCOCH.Ph), aryisulphonyloxy - 
(for example toluene sulphonyloxy), alkylsulphonyioxy (for 
example methane sulphonyloxy), or O-glucuronide; prefer- 
ably R' is hydroxy. 
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Suitably R ,e is CV^alkyl; preferably R'° is hydrogen. 

Suitably, Ar is a 4-hydroxyphenyl group or a 5- 
-hydroxy-2-pyridyl group. Preferably Ar is a 6-oxo-3(1H)- 
-pyridyl group; most preferably, Ar is a 6-oxo-3(1H)- 
-pyridazinyl group. 

Ci^alkyl groups either atone or as part of another 
group, for example, Ci^alkoxy or Ci^aJkanoyl are methyl, 
ethyl, propyl or butyl; preferably, methyl or ethyl. 



Halogen atoms are bromine, chlorine or iodine; prefer- 
ably bromine or iodine. 

Compounds of structure (I) can be obtained in the form 
of a racemic or diastereomeric mixture or as individual 
5 isomers or mixtures thereof. For example, in compounds of 
structure (I) in which R* is hydrogen and R' is -COR*, the 
group R l is an amino acid residue 



70 



NR 4 R 5 



of structure -CH 2 CfH ; compounds of structure (I) 

X COR 6 



having such a group R' can exist in the form of the D- 
-isomer, L-isomer or DL-mixture of isomers. Suitably, such 
compounds of structure (I) are provided as the DL mixture 
of isomers; preferably they are provided as the D-isomer or 
L-isomer substantially free of the other isomer. 



The present invention includes all isomeric forms in 
resolved and unresolved states of the compounds of struc- 
ture (I). 

Particular compounds of structure (I) include those 



25 



in which R 1 is a group -CH-CR 2 , R 7 and R 8 are 



COR v 



both halogen, R* is hydroxy, R'° is hydrogen and Ar is 6- 35 
-oxo-3-0 H)-pyridyl or 6-oxo-3(1H)-pyridazinyI, for example: 

S^-diiodo-S'-fe-oxo-SflHj-pyridylmethynthyronine, 

3,5-dibromo-3'-[6-oxo-3(1H)-pyridylmethyI)thyronine, 40 

S.S-dichloro-S'-fe-oxo-SfiHhpyridylmethyljthyronine, 

S.S-diiodo-S'-fe-oxo-SflHj-pyridazinylmethyQthyronine, 

45 

3,5-dibromo-3'-[6-oxo-3(lH)-pyridazinylmethyl]thyronine, 

S.S-dichloro-S'-te-Oxo-StlHJ-pyridazinylmethy^thyronine 

4-(4'-hydroxy-3 , -(6-oxo-3(l H)-pyridylmethyl)phenylthfo)-3,5- 5 ° 
-diiodophenylalanine, 

4-(4 , -hydroxy-3 , -(6-oxo-3(1H)-pyridylmethyl)phenylthio)-3,5- 
-dibromophenylalantne; 

55 

and the foregoing compounds in which the group R' is in 
the form of the L-isomer, for example: 

L-S.S-diiodo-S'-ie-oxo-SCIHJ-pyridylmethyljthyronine. 

60 

L-3.5-dibromo-3*-l6-oxo-3(1H)-pyriaylmethyl]thyronine 
L-S.S-dichloro-S'-^-oxo-SdHJ-pyridylmethyllthyronine, 
L-3,5-diiodo-3'-[6-oxo-3(1H)-pyrida2inylmethyl]thyronine, 65 
L-3,5-dibromo-3'-t6-oxo-3(lH)-pyrida2inylmethylJthyronine, 



L-3.5-dichic^-3'-[6-oxo-3(lH)-pyrk^ny!methyl]thyronine. 

Further examples of compounds of the present inven- 
tion include:- 

3,5-diiodo-3'-[4-hydroxybenzyl]thyronine, 

3,5-diiodo-3'-[5-hydroxy-2-pyridylmethyl]thyronine, 

4-(4 , -hydroxy-3 , -(4-hydroxyben2yl)-phenylthio)3,5- 
-diiodophenylalanine, 

3,5-dibromo-3*-[6-oxo-3(i H)-pyridyJmethyl]thyronine ethyl 
ester, 

3.5-dibrom<><3 , -[6-oxo-3(1H)-pyridyImethyl]thyroninamidQ l 

3,5-diiocto-3 , -(6-oxo-3(lH)-pyrktylrr>ethy1)triyTO 
acid, 

3.5-dibromo-3'-(6-oxo-3(lH)-pyridylrr«myl)thyrc«tha^ 
acid, 

3,5-diiodo-3'-(6-oxo-30 H)-pyridylmethy1)thyrobutanoic acid, 

3,5-dimethyl-3 , -[6-oxo-3{iH)-pyrioVimetrry1jmyronine. 

N-acetyl-3,5-diic<to-3X6-oxo-3(lH)-pyri^ 

3,5-dibromo-3'-(6-oxo-3(lH)-pyridylmethyl)thyropropanoic 
acid. 
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Compounds of structure (I) in which R* and R* are the 
same or different and are each hydrogen or Ci^alkyl can 
form acid addition salts with for example, hydrochloric, 
hydrobromic, hydroiodic. methanesulphonic, or sulphonic 
acids. Acid addition salts can also be formed with the group 
Ar when it is a nitrogen containing heterocycte. Compounds 
of structure (I) in which R* and/or R* are OH can form salts 
with metal ions such as alkali metals, for example sodium or 



10 



potassium or alkaline earth metals for example calcium or 
magnesium. Further, any carboxy group present can be 
optionally salrfied. The ability to form acid addition and/or 
metal salts will be subject to the nature of the relevant 
compounds as will be readily understood by the skilled 
person. 

In addition, it will be appreciated that under appropriate 
pH conditions, compounds of structure (1) in 



i . /f 2 

which R is CH 2 CR may exist as zwitterions. 
C0 2 H 



The 



present invention includes all such zwitterionic forms of the 
compounds of structure (I). Similarly, the present invention 
includes compounds of structure (I) in which the group Ar is 
in the zwitterionic form. 

The present invention also includes the compounds of 
structure (I) in which the group Ar is in an alternative 
tautomeric form. For example, where Ar is 6-oxo-3(1H)- 
pyridyt, the present invention includes the tautomeric form 



20 



25 



thereof, wherein Ar is (6-rrydroxy-3-pyridyl) group;similarty, 
where Ar is 6^xo-3(iH)-pyridaanyl, the present invention 
includes the tautomeric form thereof wherein Ar is a 6- 
-hydroxy-3 -pyridazinyl group. 

In a further aspect the present invention provides a 
process for the preparation of a compound of structure (I) 
or a pharmaceuticalry acceptable salt thereof, which com- 
prises deprotection of a compound of structure (II) 




(id 



in which 

Q' is a protected group R': 

R', R\ R ,c and X are as defined for structure (I); 

Q' is hydroxy or a protected hydroxy group; and 

Ar' is 6-oxo*3(i H)-pyridyl, 6-oxo-3(1 H)-pyridazinyl or a pro- 



45 



50 



tected group An 

and thereafter, if necessary, forming a pharmaceutical ly 
acceptable salt 

The term "protected group R'" refers to a group R' as 
defined for structure (I) in which any primary or secondary 
amine groups are in protected form, and in which any 
hydroxy groups are. where appropriate, in protected form. 
For example, suitable protected groups R' include 



those of structure -CH~CR 2 

2 W 



, wherein R 6 is hydroxy, 



Ci^alkoxy or NR'R", R* is hydrogen or C^kyH and R M is 
Ci^alkanoyl, trifluoroacetyl, aryl Ci^alkanoyl. Ci. 
oaJkoxycarbonyl, aryl Ci^aikoxycarbonyl or phthalamido. 
Preferably, R* is hydrogen, R" is trifluoroacetyl and R* is 
methoxy. Other suitable protected groups R' include 



65 
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8 



/ 



those of structure CH-C-COR 6 

' X OR 6 



4 11 
wherein R and R are as 



hereinbefore defined and R* is C^alkoxy. Suitable pro- 
tected groups R* of structure YCOR* include those wherein 
R* is C i^alkoxy. Other suitable protecting groups are as 
described in "Amino Acids, Peptides and Proteins" Special- 
ist Periodical Reports, Royal Society of Chemistry, 1969, 
and succeeding years. 

Suitable protected hydroxy groups G 3 include for exam- 
ple, Ci^alkoxy, aryl Ci^alkoxy (for example, OCH,Ph), 
OCi^alkanoyl (for example OCOCH 3 ), OCi^alkanoyf aryt - 
(for example CO,CH,Ph), aryisulphonytoxy (for example 



10 



15 



20 



toluene sulphonyloxy), or alkylsulphonyloxy (for example 
methane sulphonyloxy); preferably Ci^ alkoxy, for example 
methoxy. Other suitable protecting groups are described in 
"Protective Groups in Organic Synthesis", Greene, T.W., 
John Wiley & Sons, 1981, 87. 

The term protected group Ar refers to a group Ar in 
which the oxygen function is in protected form, for example 
a group of structure : 




or 




wherein G* is Ci^alkoxy, aryloxy, arylCi ^alkoxy, chloro or 
bromo;or a group of structure, 



35 



a. 



or 




wherein G 4 is Ciwjalkoxy, aryloxy or arylCi ^alkoxy. 

Suitably G 3 is aryloxy, (for example phenoxy) or aryl 
Ci ^alkoxy, (for example benzyloxy). Preferably G s is 
alkoxy, (for example, methoxy), or halogen (for example, 
chloro or bromo). 

Suitably G* is aryl C^alkoxy (for example benzyloxy). 
or aryloxy (for example phenoxy). Preferably G 4 is d. 
^alkoxy (for example, methoxy). 



4 R * 

-CH 0 CR Z 

2x W 



4^11 



50 



55 



60 



Deprotection of protected groups in G\ G a and Ar* of 
structure (II) can be achieved by standard methods depend- 
ing on the precise nature of the protecting groups to be 
removed. 

In general, protected hydroxy groups G J are preferably 
methoxy groups which can be removed by treatment with 
boron tribrornrde in dchtoromethane or hydrogen bromide in 
acetic acid. 

In general, protected groups R' of structure 



are preferably those in which R 4 is 



6 
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hydrogen, Ft" is trifluoroacetyl and R* is methoxy. Such 
groups R" and R* can be deprotected by treatment with 
hydrogen bromide or hydrogen chloride in acetic acid, or 
aqueous sodium hydroxide in ethanol. 

In general, protected groups Ar are preferably those in 5 
which Q' is methoxy or halogen, for example chlorine, and 
G* is methoxy. Deprotection of protected groups Ar in which 
Q 1 or G* are methoxy to the corresponding groups Ar can 
be achieved by treatment with boron tribromide in dich- 
toromethane. Deprotection of protected groups Ar in which io 
G J is chlorine can be achieved by treatment with sodium 
acetate in acetic acid. 

The sequence of deprotection steps depends on the 
choice of protecting groups; for example, 

75 

(1) compounds of structure (II) in which G' is a protected 
group R' in which R* is hydrogen, R" is trifluoroacetyl and 
R* is methoxy, G 2 is methoxy and Ar* is a protected group 
Ar in which G 1 or G* is methoxy can be deprotected by 
treatment first with boron tribromide in dichloromethane to 20 
deprotect the protected group Ar and convert G 1 to a 
hydroxy group, and then with hydrochloric acid in acetic 



acid to deprotect the protected group R'; and 

(2) compounds of structure (II) in which G' and G* are as 
described in (1) above and Ar* is a protected group Ar in 
which G» is chlorine for example 6-chioro-pyridazine, can 
first be treated with sodium acetate in acetic acid to de- 
protect the group Ar to form the corresponding 6-oxo-3- 
(1 H)-pyridazine, and then boron tribromide in dich- 
toromethane to convert G 2 to a hydroxy group, and finally 
sodium hydroxide to deprotect the protected group R'. 



Alternative reagents, combinations of protecting groups 
and order or reactions will be apparent to those skilled in 
the art 

The present invention provides in a further aspect, a 
process for the preparation of a compound of structure (I) 
or a pharrnaceutically acceptable salt thereof which com- 
prises 

(a) reaction of a compound of structure (III) 




(III) 



in which R'° and Ar' are as defined for structure (II), X is 
oxygen or sulphur, and G 2 is a protected phenolic hydroxy 
group with a compound of structure (IV) 




wherein G' is CHO, CN, CH,Ha!, a group R* or a protected 
group R\ R u is halogen or hydroxy, one of R' and R' is 
nrtro and the other is bromo or nrtro and Hal is halogen; 

(b)reaction of a compound of structure (V) 



65 
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h<j:r 
Ar 



10 



in which G J and R'° are as defined for structure (III), Ar* is 
a protected group Ar and A* is an anion of a strong acid, 
with a compound of structure (IVA) 



15 



HO 



p. 



wherein G' is as described for structure (IV) and R 7 and R" 
are the same or different and each may be hydrogen, 
halogen, Ci^alkyl or nitro; 

(c) reaction of a compound of structure (VA) 



35 




wherein R'° and G* are as defined for structure (III) Ar' is a 
protected group Ar and Hal is halogen, with a compound of 
structure (IVC) 

55 



Alk 




8 
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14 



wherein Alk is Ci^alkyl and G' is as 'defined for structure - 
(IV); 

(d) reaction of a compound of structure (111) with a com- 
pound of structure (IVD) 5 




(IVD) 



m which Hal is halogen, G' is NO* or CN and R' and R" 
are the same or different and are each hydrogen, halogen 
or Ci^alkyl; 

(e) reaction of a compound of structure (VI) 




(VI) 



Ar 



in which Ar* is a protected group Ar, R'° is as defined for 
structure (III) and Hal is halogen, with a compound of 
Structure (IVE) 




(IVE) 



in which G' is as described for structure (IV) and R' and R' 
are the same or different and each is hydrogen, halogen or 
Ci^atkyl; 



60 



(f) reaction of a compound of structure (VI) with a com- 
pound of structure (1VF) 



65 
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16 



HS- 



(IVF) 



in which R 7 and B* are the same or different and each is 
hydrogen or Ci^alkyl and G' is as defined for structure - 
(IV); 

~(g) reaction of a compound of structure (VII) 



15 




(VII) 



in which G' is NO* CHO, CN, CH,Hal. a group R' or a and X, R 7 and R' are as described for structure (II), with a 

protected group R\ Hal is halogen; G a is hydroxy, or a 35 compound of structure (VIII) or a compound of structure 
protected hydroxy group, R 1 is CN, CHO or CO a Ci^aIkyl (IX) wucwre 



O 



(VIII) 




(IX) 



in which G a and G 4 are as hereinbefore described and G* is 
chloro or bromo; 

(h) reacting a compound of structure (X) 



55 
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tBu 



(X) 



Ar 



in which G' is a protected group R'; R' and R* are the 
same or different and are each hydrogen or halogen; X is 
oxygen or sulphur, R'° is hydrogen or Chalky! and Ar" is 
6-oxo-3(l H)-pyridyl, 6-oxo-3(iH)-rjyridazinyl or a protected 
group Ar, with an acid. 

and thereafter, rf necessary, 



(i) converting a group G' to a group R' or protected group 
R'; 

(ii) converting a group G' to a hydroxy group or a protected 
hydroxy group; 

(tii) converting a group R'°* to a group R'°; 

(iv) converting a group R' or R* into another group R' or R"; 

(v) removing any protecting groups; 



75 



20 



25 



30 



35 



(vi) forming a pharmaceutical fy acceptable salt 



The reaction of a compound of structure (III) with a 
compound of structure (IV) in which R' and R' are both 
NO, and R" is hydroxy can be carried out in an organic 
solvent in the presence of an alkyi or aralkyf sulphonyl 
chloride, for example, methane sulphonyl chloride or toluene 
sulphonyl chloride. Preferably the reaction is carried out 
under reflux in pyridine as a solvent in the presence of 
methane sulphonyl chloride. The reaction of a compound of 
structure (III) with a compound of structure (IV) in which R ,a 
is halogen can be carried out by. heating in a suitable 
organic solvent for example dichloromethane or methylethyl 
ketone, preferably in the presence of a base, for example, 
potassium carbonate: 

Compounds of structure (III) in which Ar' is a protected 
group Ar can be prepared from compounds of structure 
(IIIA) 




(IIIA) 



in which R is hydrogen or a protected hydroxy group 
susceptible to selective removal in the presence of the 
protected group G*. for example OCH,Ph, Ar* is a protected 
group Ar, and G* and R" are as defined for structure (III). 
Suitable reaction steps include for example, where in struc- 



55 



ture (III) X is oxygen and Ar' is a protected group Ar, 
acylation of a compound of structure (IIIA) wherein R is 
OCH,Ph followed by hydrogencrfysis. 

Compounds of structure (IIIA) can themselves be pre- 
pared from compounds of structure (1MB) : 




COR 



fHIB) 



11 
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in which R is hydroxy or a protected hydroxy group sus- 
ceptible to selective removal in the presence of a protected 
group G\ and G* and R' D are as defined for structure (MA); 
for example, by reaction of a compound of structure (II IB) 
where R is H or a protected hydroxy group, with:- 5 

(i) a 2-alkoxy-5-halo- pyridine in the presence of n-butyl 
lithium to give a compound of the structure (MA) in which 
Ar' is 6-alkoxy-3-pyridine; 

10 

(ii) a 5«aJkoxy-2-haJopyridine in the presence of n-butyl 
lithium to give a compound of structure (MA) in which Ar* is 
5-alkoxy-2-pyridine; and 




(iii) a 4-alkoxy phenyl magnesium bromide, to give a com- 
pound of structure (MA) in which Ar' is 4-alkoxyphenyl. 



Compounds of structure (III) in which X is oxygen and 
Ar' is a 6-oxo-3(1 H)-pyridazinyI group can be prepared by 
reduction of a compound of structure (MB) in which R is a 
protected hydroxy group, with, for example, sodium 
borohydride, followed by reaction with phosphorus 
tri bromide, sodium cyanide and then a compound of struc- 
ture (VIII) for example 3,6-dichloro-pyridazine to give a 
compound of structure (II IC) 



(IIIC) 



in which R is a protected hydroxy group, R ,D and G* are as 
defined for structure (MA) and Ar* is 6-chloro-3-pyridazine. 
Acidic or basic hydrolysis of the compound of structure 30 
(IIIC) so formed with, for example, hydrochloric acid in 
acetic acid or, alternatively, sodium acetate in acetic acid 
followed by hydrochloric acid in acetic acid, and deprotec- 
tion of the group R, gives a compound of structure (III) in 
which X is oxygen and Ar is a 6-oxo-3(lH)-pyridazinyl 35 
group. 

Compounds of structure (III) in which Ar is 6-oxo-3- 
(IH)-pyridy! can be prepared by conversion of compounds 
of structure (HI) in which Ar is a 6-aikoxy-3-pyridyl group. 

Compounds of structure (MB) in which R is for exam- 40 
pie OCH,Ph can be prepared by benzytation of compounds 
of structure (MB) where R is hydroxy. 

Compounds of structure (MB), where R is hydroxy can 
be prepared by standard methods, for example as described 
by H. Ulrich et al, J. Org. Chem., 1 974. 22, 2437. 45 

Compounds of structure (III) in which X is sulphur can 
be prepared by reaction of a compound of structure (1 1 1 A) in 
which R is hydrogen, with for example chlorine and lead 
thiocyanate or potassium thiocyanate in methanol, followed 
by triphenyl phosphine and aqueous acid. 50 

Compounds of structure (IV) can be prepared by meth- 
ods known in the an, for example as described in "Thyroid 
Hormones and Analogues. I. Synthesis, Physical Properties 
and Theoretical Calculations'' E.C. Jorgensen, Hormonal 
Proteins and Peptides, Vol. VI, 1978, Academic Press, N.Y. 55 
and references cited therein. 

The reaction of a compound of structure (IVA) with a 
compound of structure (V) can be carried out in an organic 
solvent in the presence of a base and a copper catalyst 
and, optionally in the presence of a crown ether. Suitable 60 
organic solvents include alcohols, for example methanol or 
ethanol, halogenated solvents for example dichloromethane 
or chloroform, dimethylformamide or dimethylsulphoxide. 
Preferably the reaction is carried out in dichloromethane as 
a solvent Suitable bases include tertiary amines, for exam- 65 
pie triethytamine, and alkali metal hydrides or alkoxides, for 
example sodium hydride or potassium-t-butoxide. Preferably 
triethylamine or potassium-t-butoxide may be used as 



bases. Suitable copper catalysts include copper/bronze or 
copper I salts, for example, copper I ben2oate or copper I 
halides. Preferably, the reaction is carried out in the pres- 
ence of copper bronze. When the base is an alkali metal 
hydride or alkoxide, the reaction may be carried out in the 
presence of a crown ether. Preferably, the reaction can be 
carried out in the presence of i8-crown-6. The reaction is 
carried out preferably at ambient temperature. Hence, the 
reaction is preferably carried out in the presence of 
triethylamine or potassium-t-butoxide and copper bronze in 
dichloromethane as a solvent at ambient temperature, and, 
where the base is potassium-t-butoxide, optionally in the 
presence of 1 8 -crown -6. 

Suitably A" in structure (V) may be for example perch- 
lorate. trifluoroacetate, halide or sulphate. Preferably A" is 
trifluoroacetate or perchlorate. The compound of structure - 
(V) wherein A~ is trifluoroacetate can be prepared by 
reaction of a compound of structure (MA) wherein R is 
hydrogen with iodine tris-tiifluoro-acetate in trifluoroacetic 
anhydride and trifluoroacetic acid. Treatment of the com- 
pound of structure (V) wherein A* is trifluoroacetate with 
aqueous sodium perchlorate affords the compound of struc- 
ture (V) A" is perchlorate. 

Compounds of structure (V) can be prepared from 
compounds of structure (MA) where R is hydrogen by 
standard methods for the preparation of bdonium salts, for 
example as described by G. F. Koser in "The Chemistry of 
Functional Groups, Supplement D., p.1265, 1983, S. Patai 
and Z. Rappaport, Eds, John Wiley & Sons Ltd. 

The reaction between compounds of structure (VA) 
and (IVC) can be carried out in the presence of a copper 
catalyst in an organic solvent at elevated temperature and. 
optionally, in the presence of a base. Preferably the reac- 
tion is carried out under reflux in pyridine in the presence of 
potassium carbonate and copper. 

For the reaction of compounds of structure (III) and - 
(IVD) when G' in (IVD) is nitro, the reaction can be carried 
out at elevated temperature in organic solvent in the pres- 
ence of a base. Preferably the reaction is carried out under 
reflux in methyl ethyl ketone in the presence of potassium 
carbonate. When, in formula (IVD) G 1 is cyano, the reaction 
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can be carried out in an organic solvent at elevated tem- 
perature in the presence of a base and optionally, a copper 
catalyst Preferably the reaction is carried out at a tempera- 
ture of 40-50° in dirrtttfiytforrnarnide as solvent in the 
presence of sodium hydride as base. 

The reaction between compounds of structure (VI) and 
(IVE) can be carried out at elevated temperature in an 
organic solvent in the presence of a base. 

. Suitable organic solvents include, for example, 
dimetrrytfaTriamide or dimethyisulphoxide. Suitable bases in- 
clude for example sodium hydride, sodium methoxide or 
potassium carbonate. Suitably the reaction is carried out at 
a temperature of 100 to 140° in dimethyfforrnamide in the 
presence of sodium hydride. Alternatively, the reaction can 
be carried out at a temperature of 90° to 140° in dimethyi- 
sulphoxide in the presence of sodium or potassium hydrox- 
ide using a procedure analogous to that described in Jour- 
nal of Organic Chemistry, 1968, 22. 1245. 

The reaction between compounds of structure (VI) and 
(IVF) can be carried out in the presence of a base in an 
organic solvent 

The reaction between compounds of structure (VII) and 
(VIII). or (IX) can be carried out under basic conditions in a 
suitable reaction solvent at temperatures between ambient 
and the reflux temperature of the solvent For example 
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suitable bases and solvents include sodium hydride in 
dimethyftormamida, or potassium t-butoxide in dich- 
toromethane, optionally in the presence of a crown ether. 
Other suitable bases and solvents will be apparent to those 
skilled in the art 

Compounds of structure (VII) can be prepared by 
procedures analogous to those known in the art, in particu- 
lar using the reactions described in paragraphs (a) to (f) 
and (h) above. 

The reaction between a compound of structure (X) and 
an acid is generally carried out in a solvent at elevated 
temperature. The acid must be capable of removing the t- 
- butyl group, for example, a Lewis Acid such as aluminium 
trichloride, or hydrobromic acid. Suitably the reaction is 
carried out in an organic solvent tor example toluene, 
anisole or N.N^imethyianiline, optionally in the presence of 
a co-solvent such as nrtromethane. Preferably the reaction 
is carried out in toluene and nitromethane in the presence 
of aluminium trichloride; or in acetic acid in the presence of 
hydrobromic acid. 

Compound of structure (X) are prepared from com- 
pounds of structure (XA) 




(XA) 



in which G„ R r , R\ R'° and Ar' are as described for 
structure (X) by treatment with a Lewis acid to remove the 
t-butyl group adjacent to the ether link. Suitable Lewis acids 
will be apparent to those skilled in the art and include for 
example aluminium trichloride or titanium tetrachloride in a 
suitable solvent for example toluene. 
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Compounds of structure (XA) can be prepared for 
example by reacting a compound of structure (XI) with a 
and compound of structure (IVG) 



HO 




tBu 



(XI) 




(IVG) 
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in which G', R', R', R'° and Ar* are as described for 
compound (X). The reaction is carried out under conditions 
well known for the formation of diphenyi ethers, for example 



in an organic solvent in the presence of a suitable oxidant 
Suitably the reaction is carried out in ether in the presence 
of manganese dioxide as an oxidant 

Alternatively, the compounds of structure (XA) can be 
5 prepared by reacting a compound of structure (XIA) 



tBu 




(XIA) 



in which R'° and Ar* are as described for structure (XI), with 
a compound of structure (IVG). The reaction can be carried 
out in an organic solvent for example ether, in the presence 
of a suitable catalyst for example copper, mercury or 
sodium metaperiodate. 

Compound of structure (XIA) can be prepared by 
brominaton of compounds of structure (XI) by standard 
methods. 



The compounds of structure (IV), (IVA), (IVC), (IVD), - 
(IVE) and (IVF) are known or can be prepared by known 
methods. 

25 The compounds of structure (III), (V), (VA), (VI), (VII), 

(X), (XA), (XI) and (XIA) are novel and useful intermediates 
for the preparation of compounds of structure (I) and as 
such form a further aspect of the invention. 

The intermediates of structure (II!), (VA), (VI) and (XI) 

30 can together be represented by the structure: 




in which G* is t-butyl. halogen or XH; X is oxygen or 
sulphur; G' is hydrogen or t-butyl; G* is hydroxy, protected 
hydroxy or nitro; R ,fl is hydrogen or d^alkyi, and Ar" is 6- 



-oxo-3(i H)-pyridyl. 6-oxo-3(1H)-pyridaziny1 or a protected 
group Ar, with the proviso that when G* is t-butyl, then G' is 
t-butyl. 

The intermediates of structure (XA) and (XIA) can 
together be represented by the structure 
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tBu 




in which, G is bromo or a group — 




G' is a protected group R'; R' and R' are hydrogen or 
halogen, R'° is hydrogen or Ci^ alkyl and Ar' is a protected 
group Ar, 6-oxo-3(1H)-pyridyi or 6-oxo-3(lH)-pyridazirtyl. 
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Compounds of structure (I) wherein X is CH a may be 
prepared by methods analogous to those known in the art 
as described in the Jorgensen review monograph and re- 
ferences cited therein. 

The products of reactions (a) to (h) are all compounds 
of structure (IIA) 




(IIA) 



in which 

G' is NO,, CHO. CN. CH,Hal, a group R' or a protected 
group R'; Hal is halogen; 

R', R", and X are as described for structure (I); 

R' 8 ' is hydrogen, C^ alkyl, -CHO. -CO,C t w»alkyl or cyano; 

G* is NO,, hydroxy or a protected hydroxy group; 

Ar* is a protected group Ar, a 6-oxo-3(1H)-pyridyl group or 
a 6-oxo-3(1 H)-pyridazinyl group; provided that, when G' is 
NO,, G' is OH or a protected OH. 



The compounds of structure (IIA) are novel and useful 
intermediates and form a further aspect of the invention. 

The compounds of structure (IIA) can be converted to 
compounds of structure (I) by standard reactions well 
known in the art 

Compounds of structure (IIA) in which G* is NO,, CN, 
CHjHal or CHO, can be converted into compounds of 
structure (IIA) in which G* is a protected group R' by 
standard techniques as described by Harington C.R. - 
(1948) Biochem. J. 4^, 434; and Roche J. f Michel, R., 
Nunez J. and Jacquemin C. (1956) C.R. Hebd Seances 
Acad. Sci. 244, 1507, and ibkJ 24^ . 77-80. For example, 
reduction of a compound of structure (IIA), in which G' is 
NO, with SnCI, in HCI followed by reaction with ammonium 
nitrite and copper I cyanide affords a compound of structure 
(IIA) wherein G' is CN. Further reaction with SnCI, in HCI 
affords a compound of structure (IIA) in which G' is CHO. 
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Conversion of the aldehyde group so formed to a protected 
group R' may be accomplished by, for example, 

(i) where X is oxygen, treatment with N-acetyiglycine to 
give an azlactone intermediate which undergoes hydrolysis 
and reduction to form a compound of structure (HA) wherein 
G 1 is a protected group FT of structure 



/ 2 6 4 n 

CH 2 CR where R is hydroxy, R is hydrogen and R xx is 

X COR 6 . - 



acetyl; alternatively, alcoholyis and reduction of the inter- phorous tribromide, to form a group CHjHaJ where Hal is 

mediate azlactone gives the desired compounds of structure 2Q bromine which may be reacted with an alky! acetamido 
(II A) wherein R* is Ci^alkoxy, or malonate, for example, ethyl acetamido malonate, to afford 

a compound of structure (MA) wherein G' is a protected 

(ii) treatment with sodium borohydride followed by phos- 

25 

NHCOCH- 

1 / 3 

group R of structure CH 2 C-C0 2 Et . Deprotection 

* X C0 2 Et 



using standard procedures affords the desired compounds 
of structure (I), wherein R* and R* are hydrogen and R* is 
hydroxy. 



Further chemical modifications to prepare protected 
groups R' are described in for example, "Amino Acids, 
Peptides and Proteins", Specialist periodical Reports, Royal 
Society of Chemistry, 1969, and succeeding 
years; "Comprehensive Organic Chemistry", E. Haslam, Ed., 
Pergamon Press, 1979, £. 187; and "General and Syn- 
thetic Methods Specialist Periodical Reports", Royal Soci- 
ety of Chemistry, 1978, and succeeding years. 

Compounds of structure (MA) wherein G' is a protected 
group R' of structure YCOR' or (CH 3 ) 2 NR 4 R" may be 
prepared from compounds of structure (HA) wherein G' is 
CHO by standard techniques. 

Compounds of structure (HA) in which G* is nitro can 
be converted into compounds of structure (IIA) in which G* 
is hydroxy by standard techniques. For example, by reduc- 
tion of the nitro group to an amino group followed by 
diazotisation and hydrolysis to form the hydroxy group. 

Compounds of structure (IIA) wherein R 7 and R' are 
both nitro, can be converted to other compounds of struc- 
ture (IIA) wherein R 7 and R' are not both nitro, for example, 

(t) compounds of structure (IIA) wherein one of R 7 and R* is 
nitro and the other is amino, can be prepared by selective 
reduction of a compound of structure (IIA) wherein R 7 and 
R* are both nitro with, for example, iron in acetic acid and 
acetic anhydride, followed by deprotection of the intermedi- 
ate acytammo group so formed at an appropriate time; 
alternatively, and preferably, transfer hydrogenation using 
cyclohexene and palladium affords directly a compound of 
formula (IIA) wherein one of R 7 and R' is nitro and the 



other is amino. 

35 

(ii) compounds of structure (IIA) wherein R 7 and R' are both 
amino can suitably be prepared by chemical reduction of a 
compound of structure (IIA) wherein R 7 and R" are both 
nitro with, for example, iron in acetic acid, or with SnCI* or, 
40 preferably, by catalytic reduction of such a compound of 
structure (IIA) with, for example, hydrogen in the presence 
of a suitable metal catalyst for example, platinum or pal- 
ladium on carbon; 

45 (Hi) compounds of structure (IIA) wherein R 7 and R f are 
both the same halogen atom can be prepared by dia- 
zotisation of a compound of structure (IIA) wherein R 7 and 
R' are both amino, with a suitable diazotising agent, for 
example sodium nitrite in sulphuric acid and acetic acid, 

50 followed by reaction of the intermediate bis-diazonium ion 
so formed with a suitable halogenating agent For example, 
where, in structure (IIA) R 7 and R* are both bromine, 
treatment with copper I bromide and hydrogen bromide in 
the presence of urea. Other suitable halogenating agents 

55 depending on the nature of R 7 and R* in structure (IIA), for 
example treatment with potassium iodide and iodine affords 
a compound of formula (IIA) wherein R' and R" are both 
iodine. 

60 (iv) compounds of structure (IIA) wherein R 7 and R' are 
different halogen atoms can be prepared from compounds 
of structure (IIA) wherein one of R' and R* is nitro and the 
other is amino. The amino group in the compound of 
structure (IIA) may be diazotised and then halogenated as 

65 hereinbefore described in (iii) to form a compound (IIA) 
wherein one of R 7 and R" is halogen and the other is nitro. 
Conversion of the nitro group, via reduction (to form a 
compound (IIA) wherein one of R 1 and R" is halogen and 
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the other is amino), diazatisatton and finally hatogenation - 
(using a different hatogenating agent to that used in the first 
stage) affords a compound of structure (HA) wherein R 7 and 
R' are different halogen atoms. 

5 

<v) compounds of structure (HA) wherein one or both of FT 
and R" are hydrogen can be prepared by reduction of 
suitable diazonium or bis-diazonium salts prepared as de- 
scribed in (iii) and (iv). 

70 

* 

Compounds of structure (f) wherein R 4 and R s are both 
hydrogen and/or R* is hydroxy may be converted to other 
compounds of structure (I). For example, 

75 

(i) compounds of structure (I) wherein R 4 is hydrogen or C\. 
' -*alkyl and R* is C^alkanoyl may be prepared by acylation 
of a compound of structure (I) wherein R 4 is hydrogen or 
Ci-^alkyl and R* is hydrogen. 

20 

(«) compounds of structure (I) wheVein R* is C^alkoxy may 
be prepared by esterification of a compound of structure (I) 
wherein R* is hydroxy. 

25 

Compounds of structure (I) wherein R* is -NR'R 1 can 
be prepared by reaction of a compound of structure (I) 
wherein R* is Ci^alkoxy with ammonia or an appropriate 
amine. 

The compounds of structure (I) exhibit biological actrv- 30 
ity which can be demonstrated in the following tests: 

(i) the induction of mitochondrial ^-glycerophosphate de- 
hydrogenase (GPDH;EC 1.1.99.5). This assay is particu- 
larly useful since in certain species e.g. rats it is induced 35 
specifically by thyroid hormones and thyromimetics in a 
dose-related manner in responsive tissues e.g. liver, kidney 

and the heart (WesterfiekJ, W.W, Rtehert, D.A. and 
Ruegamer, W.R., Endocrinology, 1965, 77, 802). The as- 
say allows direct measurement in rats of a thyroid hormone- 40 
-like effect of compounds and in particular allows measure- 
ment of the direct thyroid hormone-like effect on the heart; 

(ii) the elevation of basal metabolic rate as measured by the 
increase in whole body oxygen consumption; 45 

(Hi) the stimulation of the rate of beating of atria isolated 
from animals previously dosed with thyromimetics; 

(iv) the change in total plasma cholesterol levels as deter- 50 
mined using a cholesterol oxidase kit (for example, the 
Merck CHOD iodide colourimetric kit) 

(v) the measurement of LDL (low density lipoprotein) and 

HDL (high density lipoprotein) cholesterol in lipoprotein frac- 55 
tons separated by uttracentnfugation; and 

(vi) the change in total plasma trigtyceride levels as deter- 
mined using enzymatic colour tests, for example the Merck 
System GPO-PAP method. so 



The compounds of structure (I) have been found to 
exhibit selective thyromimetic activity in these tests, 

(a) by increasing the metabolic rate of test animals, 65 
and raising hepatic GPDH levels at doses which do not 
significantly modify cardiac GPDH levels, and 



(b) by towering plasma cholesterol and triglyceride lev- 
els, and the ratio of LDL to HDL cholesterol at doses which 
do not agnifteantry modify cardiac GPDH levels. 

The compounds of structure (I) may therefore be used 
in therapy, in the treatment of conditions which can be 
alleviated by compounds which selectively mimic the effects 
of thyroid hormones in certain tissues whilst having little or 
no direct thyromimetic effect on the heart For example, 
compounds of structure (I) which raise hepatic GPDH levels 
and metabolic rate at doses which do not significantly 
modify cardiac GPDH levels are indicated in the treatment 
of obesity. 

Compounds of structure (1) which lower total plasma 
cholesterol, the ratio of LDL-choJesteroi to HDL-cholesterol 
and triglyceride levels at doses which do not significantly 
modify cardiac GPDH levels are indicated for use as gen- 
eral arrtihyperlipidaemic (antihyperlipoproteinaemic) agents 
i.e. in the treatment of patients having elevated plasma lipid 
(chotesterbl and triglyceride) levels. In addition, in view of 
this effect on plasma cholesterol and triglyceride, they are 
also indicated for use as specific anti-hypercholesterotaemic 
and armhypfertrigryrjeridaemic agents. 

Patients having elevated plasma lipid levels are consid- 
ered at risk of developing coronary heart disease or other 
manifestations of atherosclerosis as a result of their high 
plasma cholesterol and/or triglyceride concentrations. Fur- 
ther, since LDL-chotesterol is believed to be the lipoprotein 
which induces atrierosclerosis. and HDL-cholesterol be- 
lieved to transport cholesterol from blood vessel wails to the 
liver and to prevent the build up of atherosclerotic plaque, 
anti-hypertipidaemic agents which tower the ratio of LDL- 
-cholesterol to HDL cholesterol are indicated as anti- 
- atherosclerotic agents. 

In addition, compounds of structure (I) may be in- 
dicated in thyroid hormone replacement therapy in patients 
with compromised cardiac function. 

In therapeutic use the compounds of the present inven- 
tion are usually administered in a standard pharmaceutical 
composition. 

The present invention therefore provides in a further 
aspect pharmaceutical compositions comprising a com- 
pound of structure (I) or a pharmaceutical ry acceptable salt 
thereof and a pharmaceutical ly acceptable carrier. Such 
compositions include those suitable for oral, parenteral or 
rectal administration. 

Compounds of structure (I) and their phermaceuticaJly 
acceptable salts which are active when given orally can be 
formulated as liquids for example syrups, suspensions or 
emulsions, tablets, capsules and lozenges. 

A liquid composition will generally consist of a suspen- 
sion or solution of the compound or pharmaceutical ty ac- 
ceptable salt in a suitable liquid carrier(s), for example 
ethanol, glycerine, sorbitol, non-aqueous solvent such as 
polyethylene glycol, oils or water, with a suspending agent, 
preservative, surfactant wetting agent, flavouring or colour- 
ing agent Alternatively, a liquid formulation can be prepared 
from a iBConstrtutaWe powder. For example a powder con- 
taining active compound, suspending agent, sucrose and a 
sweetener can be reconstituted with water to form a sus- 
pension; and a syrup can be prepared from a powder 
containing active ingredient sucrose and a sweetener. 

A composition in the form of a tablet can be prepared 
using any suitable pharmaceuticaJ carriers) routinely used 
for preparing solid compositions. Examples of such carriers 
include magnesium stearate, starch, lactose, sucrose, 
macrocrystalline cellulose and binders, for example polyvinyl- 
pyrrolidone. The tablet can also be provided with a colour 
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film coating, or colour included as part of the camer(s). in 
addition, active compound can be formulated in a controlled 
release dosage form as a tablet comprising a hydrophiiic or 
hydrophobic matrix. 

A composition in the form of a capsule can be pre- 5 
pared using routine encapsulation procedures, for example 
by incorporation of active compound and excipients into a 
hard gelatin capsule. Alternatively, a semi-solid matrix of 
active compound and high molecular weight polyethylene 
glycol can be prepared and filled into a hard gelatin cap- ro 
sule; or a solution of active compound in polyethylene glycol 
or a suspension in edible oil, for example liquid paraffin or 
fractionated coconut oil can be prepared and filled into a 
soft gelatin capsule. 

Compound of structure (I) and their pharmaceutical fy 75 
acceptable salts which are active when given parenteral )y 
can be formulated for intramuscular or intravenous admin- 
istration. 

A typical composition for intra-muscuiar administration 
will consist of a suspension or solution of active ingredient 20 
in an oil, for example arachis oil or sesame oil. A typical 
composition for intravenous administration will consist of a 
sterile isotonic aqueous solution containing, for example 
active ingredient, dextrose, sodium chloride, a co-solvent, 
for example polyethylene glycol and, optionally, a chelating 25 
agent, for example ethylenediamine tetracetic acid and an 
anti-oxidant, for example, sodium metabisulphite. Alter- 
natively, the solution can be freeze dried and then recon- 
stituted with a suitable solvent just prior to administration. 

Compounds of structure (I) and their pharmaceuticalty 30 
acceptable salts which are active on recta) administration 
can be formulated as suppositories. A typical suppository 
formulation will generally consist of active ingredient with a 
binding and/or lubricating agent such as a gelatin or cocoa 
butter or other low melting vegetable or synthetic wax or fat 35 

Compounds of structure (I) and their pharmaceutical ly 
acceptable salts which are active on topical administration 
can be formulated as transdermal compositions. Such com- 
positions include, for example, a backing, active compound 
reservoir, a control membrane, liner and contact adhesive. 40 

The typical daily dose of a compound of structure (I) 
vanes according to individual needs, the condition to be 
treated and with the route of administration. Suitable doses 
are in the general range of from 0.001 to 10 mg/kg 
bodyweight of the recipient per day. 45 

Within this general dosage range, doses can be cho- 
sen at which the compounds of structure (I) lower plasma 
cholesterol levels and raise metabolic rate with little or no 
direct effect on the heart In general, but not exclusively, 
such doses will be in the range of from 0.5 to 10 mg/kg. so 

In addition, within the general dose range, doses can 
be chosen at which the compounds of structure (I) lower 
plasma cholesterol levels and have little or no effect on the 
heart without raising metabolic rate. In general, but not 
exclusively, such doses will be in the range of from 0.00 1 to 55 
0.5 mg/kg. 

It is to be understood that the 2 sub ranges noted 
above are not mutually exclusive and that the particular 
activity encountered at a particular dose will depend on the 
nature of the compound of structure (I) used. eo 

Preferably, the compound of structure (I) is in unit 
dosage form, for example, a tablet or a capsule so that the 
patient may self-administer a single dose. In general, unit 
doses contain in the range of from 0.05-100 mg of a 
compound of structure (I). Preferred unit doses contain from 65 
0.05 to 10 mg of a compound of structure (I). 

The active ingredient may be administered from 1 to 6 
times a day. 



The following Examples illustrate the invention. Tem- 
peratures are recorded in degrees Centigrade. 

Example 1 



L-3,5-Dibromo-3 , -{6-oxo-3(lH)-pyricrylniethyl)-thy^ 

(a) 5-Bromo-2-methoxypyridine t*l.36 g) (prepared by 
the method of I. Kompis et al, European Journal of Medici- 
nal Chemistry 1977, 12 . 531) in dry tetrahydrofuran (50 
ml) was cooled to -85° with stirring under a nitrogen 
atmosphere. n-Butyl lithium '(137 ml of a 1.6M hexane 
solution) in dry tetrahydrofuran (50 ml) was added dropwise, 
keeping the temperature below -80°. After stirring for 5 
minutes, 2-methoxybenzaldehyde (25.0 g) in dry 
tetrahydrofuran (150 ml) was added dropwise with stirring, 
keeping the temperature below -70°. The mixture was 
stirred whilst allowing to warm to room temperature, then 
quenched with saturated ammonium chloride solution (150 
ml). The organic layer was separated and the aqueous was 
further extracted with ethyl acetate. The organic layers were 
combined, dried with anhydrous magnesium sulphate and 
evaporated to dryness to give an orange gum which was 
crystallised from dichtoromethane/petroleum spirit (60-80°) 
to give i-(2-methoxyphenyl)-i-(6-methoxy-3-pyridyl)- 
-methanol as a pale yellow solid (28.39 g, 63%) m.p. 83- 
-84°. 

This reaction was also carried out using dry diethyl 
ether as solvent keeping the temperature of the reaction 
mixture below -30° during the addition of the reagents. 

(b) To a solution of this carbinol (28.30 g) in dry 
pyridine (120 ml) was added acetic anhydride (33 ml) and 
the solution gently warmed on a steam bath for 2 hours. 
The solvents were evaporated and to the residue was 
added an equivalent volume of 94% ethanol. On cooling 
the product crystallised to give 1 -(2-methoxvphenyl)-l -(6- 
-methoxy-3-pyridyl)-rnethyl acetate as a pale yellow cry- 
stalline solid (92%), m.p. 75-77°. 

(c) This acetylated carbinol (22.00 g) was hydroge- 
nated in methanol (180 ml) over 10% palladium on char- 
coal (2.0 g) on a Parr apparatus at ambient temperature. 
After filtration and evaporation to dryness the resulting oil 
was filtered through a silica gel column by elution with ethyl 
acetate/petroteum spirit (60-80°). gradient elution, to give 2- 
-(6-methoxy-3-pyridylmethyl)-anisole as a colourless oil - 
(15.89 g, 91%). 

(d) This anisole (72.9 g) was added stowly to a cooled 
mixture of trifluoroacetic acid (100 ml) and trifluoroacetic 
anhydride (100 ml). The resulting solution was added drop- 
wise to a solution of iodine tris-trifiuoroacetate (74.1 g, 
prepared by the method of Schmeisser et a!., Ber .. 1967, 
10JJ, 1633) in trrnuoroacetic anhydride (120 ml) at -12° to - 
-8°. The reaction mixture was kept at room temperature 
overnight then the solvents were removed in vacuo keeping 
the internal temperature below 25°. The residue was dis- 
solved in dtehloromethane (500 ml) and poured into a wefl 
stirred solution (800 ml) containing sodium perchlorate (100 
g) and sodium acetate (200 g). The crystalline product 
which deposited was collected (24.0 g), and recrystaJlised 
from ether-tetrahydrofuran to give 4,4 , -dimethoxy-3,3 , -bis-- 
(6-methoxy-3-pyridylmetriyl)-diphenyl iodonium perchlorate, 
m.p. 168-9°. 

(e) The iodonium tnfluoroacetate was prepared as fol- 
lows. Iodine (83.1 g) was suspended in trifluoroacetic anhy- 
dride (300 ml) and stirred under nitrogen at 40° whilst 
fuming nitric acid (92.4 ml) was added over 45 minutes, 
keeping the temperature below 45° by external cooling. The 
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mixture was maintained at 40° under a stream of nitrogen 
until all nitrogen oxides were removed, then the solvent was 
removed in vacuo. The residue was suspended in 
trmuoroacetic anhydride (300 ml) and 2-(6-methoxy-3- 
-pyridyirrtethyi) -anisole (300 g) in trifluoroacetic anhydride - 5 
(300 ml) and trifluoroacetic acid (300 ml) added with stir- 
ring, keeping the temperature below -15°. The reaction . 
mixture was stirred at room temperature for 24 hours, 
evaporated to dryness, dissolved in dichloromethane (200 
ml), and poured into a stirred mixture of petroleum spirit (2 10 
litres) and sodium acetate (1 kg) in water (5 litres). The pH 
was adjusted to 6 with additional sodium acetate and the 
mixture stirred overnight. The mother liquors were decanted 
from the gum-like product which was taken up in dich- 
kxomethane (500 ml) and poured into vigourously stirred' 75 
ether (6 litres). After 0.5 hour the mixture was filtered to 
give 4,4'-dimethoxy- 3,3*-bis-(6-metrKwy-3-pyridylmethyl)- 
-diphenyl iodonium trifluoro-acetate (350 g, 77%), m.p. 
132-4°. 

(0 L-3,5-Dibromotyrosine (500 g) was suspended in 20 
methanol (5 litres) and dry hydrogen chloride passed 
through the stirred suspension for 5 hours. The reaction 
mixture was evaporated to dryness, the residue suspended 
in water (4 litres), and the pH adjusted to 6 with 40% 
sodium hydroxide. The precipitate was collected and 25 
washed with water to give L-3,5-dibromotyrosine methyl 
ester (467 g, 90%), m.p. 201-203°. The ester (768 g) was 
suspended in chloroform (2.7 litres) and ethyl acetate (2.7 
litres), then trifluoroacetic anhydride (565 g) was added 
over 0.5 hour, keeping the temperature below 35°. The 30 
mixture was left overnight, then water (2- litres) was added 
and the pH adjusted to 7 by the addition of saturated 
sodium bicarbonate solution. The organic layer was re- 
moved, washed with water, dried with anhydrous magne- 
sium sulphate and evaporated. The residue was recrystal- 35 
lised from aqueous methanol to give L-3,5-dibromo-N- 
-trifluoroacetyl-tyrosine methyl ester (786 g, 81%), m.p. 
136-7°. 

(g) To a stirred solution of the iodonium perchlorate - 
(91.3 g), L -3, 5-dibromo-N-trifluoroacetyl- tyrosine methyl es- 40 
ter (72.0 g) and tnethytamine (25 ml) in dry dich- 
loromethane (2 litres) was added copper bronze (10.0 g). 

The mixture was stirred at room temperature for 19 hours, 
fiftered, and the filtrate washed successively with aqueous 
acetic acid, 0.2N sodium hydroxide, then saturated sodium 45 
chloride solution. The solution was dried over anhydrous 
magnesium sulphate, evaporated to dryness and 
chromatographed on silica gel. Elution with dichloromethane 
gave initially 4-kxio-2-(6-methoxy-3-pyndylrnmrryi)-anisole - 
(37 g, 78%), m.p. 68-70°, followed by 3,5-dibromo-3*-(6- 50 
-methoxy-3(1 H)-pyridylmethyl)-0-methyi-N- 
-trffluoroacetyrthyronine methyl ester (39.45 g, 44%) m.p. 
125-126° (from dichloromethane/petroleum spirit). 

(h) This dibrorrxrthyronine (25.77 g) was dissolved in 

dry dichloromethane (225 ml) and cooled with stirring to - 55 
-55°. A solution of boron tri bromide (23.0 ml) in dry dich- 
loromethane (50 ml) was added dropwise, then the mixture 
was allowed to warm to room temperature. After 2 hours, 
the purple reaction mixture was poured into an ice-cold 
solution of sodium acetate (100 g) in water (400 ml). The bo 
mixture was thoroughly extracted with ethyl acetate, the 
organic extracts evaporated, then the residue dissolved in 
glacial acetic acid (1 litre) and concentrated hydrochloric 
acid (500 ml). The solution was re fluxed for 16.5 hours, 
then evaporated to dryness. The residue was recrystailised 65 
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from aqueous ethanolic sodium hydroxide on addition of 
glacial acetic acid to pH5 to give L-3,5-dibromo-3'-(6-oxo- 
-3(1H)-pyricV*methy|)thyronine (19.0 g, 93%), m.p. 269-71° 
(dec.). 

Atemativery, the title compound was prepared as fol- 
lows. 

(i) To a stirred suspension of 5-hydroxy-2- 
-methoxybenzaJdehyde (306.6 g, prepared by the method of 
Ulrich et aJ, J.Oro.Chem.. 1974, 22, 2437), benzyl bromide 
(355.8 g) and Adogen 464 (48.5 g) in dichloromethane - 
(600 ml) was added a solution of sodium hydroxide (123.5 
g) in water (500 ml). The mixture became warm and the 
suspension dissorved;addrtionaJ dichloromethane (300 ml) 
was added to prevent crystallisation of the benzyfated prod- 
uct After 2 hours, the organic layer was removed, washed 
twice with water, once with saturated sodium chloride solu- 
tion, then dried with anhydrous magnesium sulphate. The 
solution was concentrated, then treated with petroleum spirit 
to give 5-ben2yioxy-2-methoxybenzaJdehyde (445.7 g, 
91%), m.p. 99-100°. 

(j) 5-Brrjmo-2-memoxvpyridine (15.87 g) was dissolved 
in dry tetrahydrofuran (50 ml) and the solution cooled with 
mechanical stirring under nitrogen to -100° (ether/liquid 
nitrogen). A solution of n-butyl lithium in hexane (53 ml of a 
1.6M solution) was added dropwise, maintaining the tem- 
perature below -90°; a white precipitate appeared. After 5 
minutes, 5-berizyk)xy-2-methoxybenzaJc^hyde (17.04 g) in 
dry tetrahydrofuran (150 ml) was added dropwise, maintain- 
ing the temperature below -95°. After the addition was 
complete, the mixture was stirred to 5°. The dark solution 
was quenched with excess saturated ammonium chloride, 
the organic layer removed, the aqueous extracted with ethyl 
acetate, then the combined organics dried with anhydrous 
magnesium sulphate and evaporated. The residue crystal- 
lised from etrter/petroteum spirit to give 1 -(5-benzyioxy-2- 
-methoxypnenyl)-1 -(6-rnelrK)xy-3-pyridyl)methanol (17.83 g. 
72%), m.p. 80-82°. 

(k) To a solution of the carbinol (17.83 g) in dry 
pyridine (60 ml) was added acetic anhydride (70 ml). The 
solution was heated to 90° and after 5 minutes evaporated 
to dryness. The residue crystallised from ether/petroleum 
spirit to give 1 -(5-benzytoxy-2-methoxyphenyl)-1 -(6- 
-n>ethoxy-3-pyridyl)-methyl acetate (19.08 g, 96%), 
m.p.94°. 

(!) A suspension of the acetate (19.0 g) in methanol - 
(150 ml) containing 10% palladium on charcoal (3.0 g) was 
hydrogenated in a Parr apparatus. When two moles of 
hydrogen had been consumed, the mixture was fittered and 
evaporated to dryness. The residue was crystallised from 
chloroform/petroleum spirit to give 4-methoxy-3«(6-methoxy- 
-3-pyridylmethyl)-phenol (10.91 g. 92%), m.p. 121-4°. 

(m) L-3,5-Dinitrotyrosine (960 g) was suspended in dry 
ethanol (7.5 litres) and dry hydrogen chkxide passed 
through the refluxing solution. The solution was cooled, the 
solid precipitate collected, and the filtrate concentrated to 
give a second crop. The combined crops were suspended 
by stirring in water (10!) and sodium acetate was added to 
pH3. The precipitate was collected, washed and dried to 
give L-3.5-dinrbt3tyrosine ethyl ester (760 g), which was 
suspended in chloroform (2.51) and ethyl acetate (2.51). To 
the stirred suspension was added trifluoroacetic anhydride - 
(1 kg) in ethyl acetate (500 ml), over i hour. The solution 
was concentrated, the resulting precipitate collected and 
washed with petroleum spirit (40-60°) to give L-3,5-dinitro- 
-N-trifluoroacetyltyrosine ethyl ester (788 g, 78%), m.p. 
115-6°. 
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(n) To a dark orange suspension of L-3,5-dinitro-N- 
-trifluoroacetyl tyrosine ethyl ester (132.58 g) in dry pyridine 
(300 ml) was added methanesulphonyi chloride (38.38 g) 
with rapid stirring. The dark solution was stirred and refluxed 
for 10 minutes, then 4-methoxy-3-(6-methoxy-3- 
-rjyridylmethyO-phenol (75.00 g) in dry pyridine (300 ml) 
was added and the resulting mixture stirred and refluxed for 
1 hour. The pyridine was evaporated and the residue dis- 
solved in chloroform, washed with water, 2N hydrochloric 
acid, water, saturated sodium bicarbonate (twice), 2N so- 
dium hydroxide (twice), water (twice) then dried with anhy- 
drous magnesium sulphate. The solution was concentrated 
to approximately 250 ml and combined with the mother 
liquors of a second batch (carried out on the same scale). 
To this combined chloroform solution was added activated 
charcoal and the mixture warmed on a steam bath for 
approximately 10 minutes, cooled, filtered and evaporated to 
dryness to give a dark orange gum (246.40 g) which was 
crystallised from aqueous ethanol to give L-3,5-dinttro-3'-(6- 
-methoxy-3-r^oVirnethyl)-0-methyl-N-trffluoroacetyl 
thyronine ethyl ester as a dusky orange solid (176.10 g, 
48%), m.p. 123-4°. 

(o) This dinitrothyronine was hydrogenated in glacial 
acetic acid (30 ml) over 10% palladium on charcoal (1.50 
g) using a Parr hydrogenator. The mixture was filtered and 
the solution added to a well stirred solution of sodium nitrite 
(2.14 g) in concentrated sulphuric acid (90 ml) and glacial 
acetic acid (40 ml) under nitrogen keeping the temperature 
below -10°. This reaction mixture was poured onto a vigor- 
ously stirred solution of cuprous bromide (4.48 g) and urea 
(2 g) in 48% aqueous hydrobromic acid (120 ml) and 
chloroform (120 ml). After 2 hours water (approximately 80 
ml) was added, the organic layer separated, and the aque- 
ous was further extracted with chloroform. The combined 
chloroform extracts were washed with water (4 times), satu- 
rated sodium bicarbonate solution (3 times), water, satu- 
rated sodium chloride solution, then dried with anhydrous 
magnesium sulphate and evaporated to give an orange gum 
(5.71 g). Purification by column chromatography on silica 
gel, eluting with ethyl acetate/petroleum spirit (60-80°) - 
[1:5], afforded L-3.5-dibromo-3'-(6-methoxy-3- 

-pyridylmethyl)-0-n^yl-N-trifIuoroacetyl thyronine ethyl es- 
ter, which was recrystallised from ethyl acetate/petroleum 
spirit (60-80°) (3.12 g, 44%), m.p. 129-130°. This com- 
pound was also prepared by forming the bis-diazonium salt 
under aqueous conditions. 

(p) This dtbromo compound (3.02 g) was dissolved in 
glacial acetic acid (1 50 ml) and 48% aqueous hydrobromic 
acid (80 ml) and the solution refluxed for 5 hours. The 
solvents were removed in vacuo and the residue recrystal- 
lised twice from aqueous ethanolic sodium hydroxide on 
addition of acetic acid to pH6 to give L-3.5-dibromo-3'-(6- 
-oxo-3(1 H)-pyridylmethyl)-thyronine (1.41 g, 60%), identical 
in all respects with the sample obtained in (h) above. 

Example 2 



L-3,5-Diiodo-3'-(6-oxo-3(IH)-pyridylmethyl)-thyronine 

(a) L-3,5-Diiodotyrosine was successively esterified 
and trifluoroacetylated as described in Example 1(f) to give 
L-3,5-diiodo-N-trifluoroacetyl thyronine methyl ester, m.p. 
175-7°. 



(b) This ester (11.3 g) was treated with the iodonium 
perchlorate described in Example 1(d) (11.3 g) in the pres- 
ence of copper bronze (2.0 g) and triethylamine (6.0 g) in 
dichloromethane (200 ml) according to the method of Exam- 

5 pie 1(g) to give L-3,5-dikxio-3*-(6-methoxy-3-pyridylmethyt). 
-0-methyl-N-trifluoroacetyl)-thyronine methyl ester (6.3 g, 
56%), m.p. 123-4°. 

(c) This diradothyronine (5.75 g) was treated succes- 
sively with boron tri bromide then hydrochloric and acetic 

io acids as described in Example 1 (h), to give L^.S-dijodo-S'- 
(6-oxo-3(1 H)-pyridylmethyl)-thyronine (4.5 g, 95%), m.p. 
253-5° (dec). 

Alternatively, the title compound was prepared as fol- 
lows: 

'5 (d) L-3,5-Dinitro~3M6-methoxy-3-pyricty 

-methyl -N -trifluoroacetyl thyronine ethyl ester (6.23 g, pre- 
pared as described in Example l(n)) was hydrogenated in 
glacial acetic acid (30 ml) in the presence of 10% pal- 
ladium on charcoal (1.5 g). When uptake of hydrogen had 

20 ceased, the mixture was filtered and added to a cold (0°) 
solution of sulphuric acid (3.94 g) in water (50 ml). The 
solution was stirred at -10° to -15° while a solution of 
sodium nitrite (1.73 g) in water (50 m!) was added drop- 
wise. The resulting black semisolid mixture was added to a 

25 stirred mixture of potassium iodide (20 g), iodine (4 g) and 
urea (1 g) 'm water (200 ml) and chloroform (200 ml). The 
mixture was stirred for 1 hour, then treated with excess 
sodium metabisulphite. The organic layer was removed and 
washed successively with water, saturated sodium bicar- 

30 Donate, water, then saturated sodium chloride. The solution 
was dried with anhydrous sodium sulphate, evaporated to 
dryness, and the residue chromatographed on silica gel - 
(200 g). Elution with ethyl acetate/petroleum spirit (60-80°) 
(1:6), then recrystallisation from ethyl acetate/petroleum 

35 spirit (60-80°) gave L-S^-dikxlc-S'-ce-methoxy-S- 
-pyhdylmettryi)-0-nTetrr/l-N-tnfluoroace^ thyronine ethyl es- 
ter (2.72 g, 35%), m.p. 105-9°. The diazotisation can be 
carried out using excess sulphuric acid as a co-solvent 
under aqueous conditions or under anhydrous conditions as 

40 in Example 1 (o). 

(e) This diiodo compound (2.64 g) was treated with 
48% aqueous hydrogen bromide (135 ml) and glacial acetic 
acid (270 ml) as described in Example l(p) to give L-3,5- 
-diiooo-3 , -(6-oxo-3(IH)-pyn^mathyi)-thyronine (1.76 g, 

45 82%), identical in all respects to the product obtained in (c) 
above. 

Example 3 

50 

L-3,5-Dichloro-3'-(6-oxo-3(IH)-pyrkjylmethyl)-thyronine 

(a) L-3,5-Dichlorotyrosine was successively esterified 
and trifluoroacetylated as described in Example 1(f) to give 

55 L-3,5-dichtoro-N-trifluoroacetyl tyrosine methyl ester, m.p. 
123-4°. 

(b) This ester (7.6 g) was treated with the iodonium 
perchlorate (Example 1(d). 13.7 g) in the presence of 
copper bronze (3.0 g) and triethylamine (3 g) in dich- 

60 loromethane (200 ml) according to the method of Example 
1 (9) to give L-3,5-dichIoro-3 , -(6-metrK)>(y-3-pyridylmethyl)-0- 
-methyl-N-trifiuoroacetyl thyronine methyl ester (7.3 g, 
62%), m.p. 127-8°. 

(c) This dichlorothyronine (5.87 g) was trealed succes- 
65 sivefy with boron tribromide then hydrochloric and acetic 

acids as described in Example 1(h) to give L-3,5-dichloro- 
-3'-(6-oxo-3(lH)-pyridylmethyl)-thyronine (4.22 g, 94%), 
m.p. 235° (dec). 
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Alternatively, the title compound was prepared as fol- 
lows: 

(d) L-3,5-Dinitro-3'-(6-rT^oxy-3-pyrk^ 
-methyl-N-trifluoroacetyl thyronine ethyl ester (4.60 g, pre- 
pared as in Example l(n)) was hydrogenated in glacial 
acetic acid (30 ml) over 10% palladium on charcoal (1.0 
g) using a Parr hydrogenator. The mixture was filtered and 
the bis-dia2onium salt prepared as described in Example 1 - 
(o). This reaction mixture was poured onto a vigorously 
stirred solution of cuprous chloride (2.28 g) and urea (1.6 
g) in concentrated hydrochloric acid (85 ml) and chloroform 
(85 ml). After 2 hours this reaction mixture was worked up 
as in Example 1 (o). Purification by column chromatography 
on silica gel. elating with ethyl acetate/petroleum spirit (60- 
-80°) [1:5], afforded L-3,5-dichloro-3X6-methoxy-3- 
pyn^metr^)-0-rr^yl-N-tn^uoroacetyl thyronine ethyl es- 
ter, which was recrystallised from ethyl acetate/petroleum 
spirit (60-80°) [1:8] (0.42 g, 9%), m.p. 127-132°. 

(e) This dichloro compound (0.40 g) was deprotected 
using boron tri bromide followed by concentrated hydrochlo- 
ric acid in acetic acid, as described in Example 1 (h), to give 
L-3.5-dichloro-3 , -(6-oxo-3(l H)-pyridylmethyl)trvyTX)nine hav- 
ing analytical and spectral characteristics comparable with 
the product prepared in (c) above. 

Example 4 



L-4-{4' -Hydroxy-3'-(6-oxo-3( 1 H )-pyridylmethyJ)phenytthio)- 
-3.5-diiodopnenylaJanine 

(a) To dry acetic acid (250 ml, dried by refiuxing with 
5% acetic anhydride for 4.5 hours) was added dry chlorine 
(16.00 g). Lead thiocyanate (36.48 g) was added in por- 
tions with rapid stirring then after 40 minutes 2-(6-methoxy- 
-3 -pyridyl methyl )-anisole (45.85 g) in dry acetic acid (175 
ml) was added slowly from a dropping funnel. The mixture 
was stirred at room temperature for 20 hours, filtered, 
poured into water (approximately 2 litres) and extracted with 
chloroform. The combined chloroform extracts were washed 
with water, 2N sodium hydroxide, water, then dried with 
anhydrous magnesium sulphate and evaporated to dryness 
to give an orange gum which was crystallised from 
(jhtoroform/petroteum spirit (60-80°) to give 4-methoxy-3-(6- 
-rnethoxy-3-pyrioVlmethyl)phenyWiiocyanate as a yellow sol- 
id (39.89 g, 55%), m.p. 56-56°. 

(b) Sodium hydroxide (17.76 g) in water (120 ml) was 
added to a suspension of the thiocyanate (31.71 g) in 1,4- 
-dioxan (120 ml) and the mixture was refluxed with stirring, 
under a nitrogen atmosphere, for 5 hours. The mixture was 
cooled and acidified to pH approximately 4 with concen- 
trated hydrochloric acid, then chloroform (approximately 300 
ml) and water (approximately 3O0 ml) were added. The 
organic layer was separated, washed with water, dried with 
anhydrous magnesium sulphate and evaporated to give a 
yellow gum (28.71 g), which was a mixture of the required 
thiol and the corresponding disulphide. The mixture was 
separated by column chromatography using silica gel by 
etution with ethyl acetate/petroleum spirit (60-80°). 4- 
-Methoxy-3-(6-methoxy-3-pyridylmethyl)-thiophenol was first 
isolated (2.55 g). 

4,4'-Dirrethcixy-3,3 , -bis-(6-methoxy-3-pyridylmethyl)- 
-diphenyl-disulphide was later isolated (23.04 g), m.p. 59- 
-62°. 

(c) The disulphide (19.44 g) was dissolved in 1,4- 
-dioxan (100 ml) and water (25 ml) was added followed by 
triphenytphosphine (9.79 g) and concentrated hydrochloric 
acid (4 drops). The mixture was heated, with stirring, at 45° 



(oil bath temperature) for 0.5 hour. The solvents were 
evaporated and the residue dissolved in ethyl acetate, 
washed with water, dried with anhydrous magnesium sul- 
phate and evaporated to dryness to give a colourless oil - 

5 (27.40 g) which was chromatographed on silica gel. Elution 
with 5% ethyl acetate/petroleum spirit (60-80°) gave 4- 
-methoxy-3-(6-methoxy-3-pyricrylmethyl)-thiopr« as a 
colourless oil (15.51 g) which had spectral and chromatog- 
raphic characteristics comparable with the authentic product 

70 above. 

(d) To L-3 t 5-dinrtro-N-trifiuoroacetyl tyrosine ethyl ester 
(14.33 g, Example Km)) in dry pyridine (40 ml) was added 
methanesulphoriyl chloride (2.8 ml) with rapid stirring' and 
the solution refluxed with stirring for 10 minutes. 4-Methoxy- 

15 -3-(6-memc«y-3-pyrioyrnetriyl)-miophenol (8.67 g) in dry 
pyridine (40 ml) was added and the mixture refluxed. with 
stirring, for 20 minutes. Work-up of the reaction using the 
procedure of Example l(n) gave L-3 t 5-dinrtro-4-{4'- 
-methoxy-3'-(6-n^oxy-3-pyrioym 

20 -trifiuoroacetyl phenylalanine ethyl ester as a yellow solid - 
(14.35 g, 68%). m.p. 115-119° (from ethanoi/water). 

(e) lodination of the dinitro compound (3.65 g) using 
the procedure of Example 2(d) gave L-3,5-diiooo-4-(4'- 
-methoxy-3'-(6-metr«>xy-3-pyridylrnethy^ 

25 • -trifluoracetyl phenylalanine ethyl ester as white powdery 
solid (1.18 g, 26%), m.p. 144-145°. 

(f) To a stirred solution of this diiodo compound (1.16 
g) in dry dfchtorrjmethane (20 ml), cooled to -74°. was 
added boron tri bromide (1.40 ml). The mixture was stirred 

30 whilst warming to room temperature and after 3 hours was 
poured onto ice/water. Ethyl acetate (50 ml) was added, the 
organic layer separated, washed with water (twice), then 
dried with anhydrous magnesium sulphate and evaporated 
to dryness to give the crude product as an off-white solid - 

35 (1.0 g). This was combined with a further batch (0.62 g), 
and purified by medium pressure chromatography on silica 
gel using toluene/acetic acid [20:1, then 10:1] as eluant to 
Qrve L-3,5-diic<jo^-{4 , -hydroxy-3 , -(6-methoxy-3- 
-pyricVlmothyi)pherryrmio)-N-trfflucroacet^ phenylalanine as 

40 an off-white solid (1.15 g, 66%), m.p. 157-162°. 

(g) This diiodo compound (0.95 g) was dissolved in 
glacial acetic acid (20 ml) and concentrated hydrochloric 
acid (20 ml) and the solution refluxed, with stirring, for 16 
hours. The solvents were evaporated and the resulting solid 

45 was collected and dissolved in aqueous ethanoiic sodium 
'hydroxide, filtered, then acidified to pH6 with glacial acetic 
acid. Addition of some water aided precipitation of a solid 
which was collected and washed with water, then ethanol 
and finally with ether. This product was combined with 

50 another smaller batch (0.13 g) and further recrystallised in 
the manner described above to afford L-4-(4 , -hydroxy-3'-(6- 
-oxo-3(l H)-pyridylmethyl)-phenytthio)-3 t 5- 
-diiodophenylaianineas a cream coloured solid (0.78 g. 
79%), m.p. 270-273° (dec.). 

55 

Example 5 



60 



L-3,5-Dibron^-4-(4 , -hydroxy-3'-(6-oxo-3(lH)-pyricrylmethyl)- 
-phenytthio)-phenylaJanine 



(a) Bromination. of L-3,5-dinitro-4-(4 , -methoxy-3 , -(6- 
-rr»thoxy-3-pyrioymethyl)-ph 

phenyialanine ethyl ester (4.00 g, prepared as in Example 
65 4(d)) using the procedure of Example 1(o) gave L-3,5- 
-dibromo-4-(4'-methoxy-3W6-methoxy^ 
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-phenylthio)-N-trifluoroacetyl phenylalanine ethyl ester as a 
cream coloured solid (0.75 g, i7%),mp. 111-113°. This 
compound was also prepared by forming the bis-diazonium 
salt in an aqueous medium as in Example 4(e). 

(b) This dibromo compound (1.12 g) was deprotected 
using boron tribromide followed by concentrated hydrochlo- 
ric acid in acetic acid as described in Example 1, to give L- 
-3,5-dibromo^-(4'-hydroxy-3'-(6-oxO'3(1H)-pyridyjmethyl)- 
-phenylthio)-phenylalanine as an off-white solid (0.71 g, 
81%), m.p. 287-289°. 

Example 6 



L-3,5-Dinitro-3'-(6-oxch3(lH)-pyridylmethyl)-thyronine 
hydrobromide 

L-3,5-Dinitro-3'-(6-n^thoxy-3-pyridylmethyl)-0-rri8triyl- 
-N-trifluoroacety! thyronine ethyl ester (2.50 g t as prepared 
in Example 1(n)) was stirred and refluxed in glacial acetic 
acid (15 ml) and 48% aqueous hydrogen bromide (15 ml) 
for 4 hours. The solvents were evaporated and the resulting 
red gum triturated with water and cooled. The crude product 
was collected by filtration and recrystallised five times from 
water/acetic acid/ concentrated hydrogen bromide (6:2:1) to 
give L-3.5-dinitro-3*-(6-oxo-3(l H)-pyridylmethyl)-thyronine 
hydrobromide as a pale yellow solid (1.04 g), m.p. 195° - 
(dec). 

Example 7 



L-3-Amino-5-nhro-3'-(6-oxo-3(1H)-pyridyto 

(a) L-3,5-Dinrtro-3'-(6-methoxy-3-pyridylrnethyl)-0- 
-methyl-N-trifluoroacetyl thyronine ethyl ester (8.50 g, as 
prepared in Example l(n)) was stirred in glacial acetic acid 
(80 ml) containing acetic anhydride (3.23 ml) and iron 
powder (7.50 g) at 100° (oil bath) for 1.5 hours. The 
mixture was cooled, filtered and evaporated to dryness to 
give a brown gum which was dissolved in chloroform, 
washed with water (3 times), saturated sodium chloride 
solution then dried with anhydrous magnesium sulphate and 
evaporated to give an orange gum (10.11 g). This was 
purified by column chromatography on silica gel with gra- 
dient elution using toluene/acetic acid to give a mustard 
coloured solid (2.65 g) which was crystallised from ethyl 
acetate/ petroleum spirit (60-80°) [1:4] to afford L-3- 
-acetamido-3'-(6-methoxy-3-pyn^lmethyl)-0-methyl-5-nitro- 
-N-trifluoroacetyi thyronine ethyl ester as a white solid (2.33 
g, 27%). m.p. 142-144°. 

(b) This acetamido compound (2.22 g) was dissolved 
in 48% aqueous hydrogen bromide (10 ml) and glacial 
acetic acid (20 ml) and the solution refluxed for 7.5 hours. 
The solvents were evaporated, the residual gum dissolved 
in aqueous ethanol, the solution filtered and cooled, then 
0.88 ammonia added to pH approximately 8. Glacial acetic 
acid was added dropwise to pH approximately 6. the result- 
ing yellow solid collected and recrystallised from aqueous 
ethanolic ammonia (pH approximately 8) on addition of 
glacial acetic acid to pH approximately 6 to give L-3-amino- 
-5-nitro-3'-(6-oxo-3(iH)-pyridylmetriyl)-thyronine as a yellow 
solid (0.85 g, 55%), m.p. 230-235°. 

Example 8 



DL-3,5-Dimethyl-3'-(6-oxo-3(1 H)-p^ 

(a) 2-Mettioxy-5-(2-methoxx-5-(2.6-dimethyI-4-fomiyl- 
-phenoxy)benzyl)-pyridine was synthesised by two methods: 

5 (i) To a stirred solution of 4-iodo-2-(6-methoxy-3- 

-pyridyimethyO-anisote (7.20 g, obtained as described in 
Example 1(g)) and 2,6-dimethyl-4-formyf phenol (3.35 g) in 
dry pyridine (25 ml) was added. anhydrous potassium car- 
bonate (1.56 g) and the mixture heated to 150° (oil bath 

10 temperature) under a nitrogen atmosphere. Cupric oxide (2 
g) was added and the black mixture stirred at 150 ±2° for 6 
hours. The mixture was cooled and combined with a second 
reaction mixture (having used 4.00 g of the todo compound 
and 1. 73- g of the phenol). This mixture was poured into 

75 water and extracted with chloroform. The combined chlo- 
roform extracts were washed successively with water, 2N 
hydrochloric acid (twice), water, 2N sodium hydroxide - 
(twice), then dried with anhydrous magnesium sulphate and 
evaporated to dryness to give a dark brown gum (7.47 g) 

20 which was purified by column chromatography on silica gel. 
Elution with ethyl acetate/petroleum spirit 60-80° [1:10] 
gave the required product (2.32 g, 19%), m.p. 104-105° - 
(from ether/petroleum spirit (60-80°) [1:5]). 

(ii) A mixture of 4,4 , -dimethoxy-3,3'-bis-(6-nrethoxy-3- 

25 -pyridylmethyl)-diphenyl iodonium perchlorate (2.80 g, pre- 
pared as in Example 1(d)), 2,6-dimethyl-4-forrnylphenol 
(0.61 g), potassium t-butoxide (0.45 g), dicyclohexano-18- 
crown-6 (approximately 1 0 rng) and activated copper 
bronze (50 mg) were stirred in dry dichloromethane (10 ml) 

30 for 4 hours. Chloroform was added to the mixture, which 
was then filtered and evaporated to give an orange/brown 
gum (2.69 g), which was combined with the product from a 
further reaction (having used 0.1 Og of the iodonium salt and 
0.021 g of the phenol). This crude mixture was dissolved in 

35 chloroform, washed with water. 2IM sodium hydroxide - 
(twice), water, then dried with anhydrous magnesium -sul- 
phate and evaporated to dryness to give an orange gum - 
(2.25 g). Purification by column chromatography on silica 
gel by elution with ethyl acetate/petroleum spirit (60-80°) - 

40 [1:10] gave a pale yellow solid, m.p. 103-104° (from 
ether/petroleum spirit (60-80°) [1:5]). Analytical and spec- 
tral data were comparable to those of the product syn- 
thesised by method (i) above. 

(b) 2-Methoxy-5-(2-memoxy-5-(2,6-dimethyl^-fbrnryl- 
45 -phenoxy)benzyl)-pyridine (10.84 g) f N-acetytgfycme (5.38 

g). sodium acetate (3.77 g) and acetic anhydride (70 ml) 
were stirred at 100±5°, (oil bath temperature) for 24 hours. 
The solution was cooled and evaporated to leave a brown 
gum which was triturated with water, then with methanol to 
so afford 2-methyl-4-(3,5-dimethyl-4-(4-methoxy-3-(6-methoxy- 
-3-pyndylmethyl)-phenoxy)-benzal)-5-oxazolone as a yellow 
solid (8.27 g, 64%), m.p. 164-165°. 

(c) A solution of the azlactone (8.20 g) in 2N sodium 
hydroxide (50 ml) and ethanol (50 ml) was stirred at 65° - 

55 (oil bath temperature) for 0.5 hours. The solvents were 
evaporated and the residual gum crystallised from aqueous 
ethanol to give a brown solid (8.02 g). RecrystaUisation from 
aqueous acetic acid gave a-acetamkk3->3-[3,5-dimethy1-4-(4- 
-memoxy-3-(6-methoxy-3-pyridylmeth^ 

60 -1 -propanoic acid as a beige coloured solid (6.84 g, 80%). 
m.p. 200-202°. 

(d) This acid (5.92 g) was hydrogenated in glacial 
acetic acid (80 ml) over 10% palladium on charcoal (0.5 
g) at 45° in a Parr apparatus for 8 hours. The mixture was 

65 filtered, evaporated to dryness and the resulting brown solid 
purified by column chromatography on silica gel, eluting with 
toluene-acetic acid [5:1]. The starting acid was first isolated 
as light brown solid (3.23 g) followed by the required 
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product as an off-white solid (2.23 g). Further purification by 
chromatography gave DL-N-ac^-3,5-dimethyl-0-rnethyt- 
-3*-(6-methoxy-3-pyhdylmethyi)-thyronine as an off-white 
solid (0.94 g), m.p. 186-188°. 

(e) This acid (0.88 g) was dissolved in 48% aqueous 
hydrogen bromide (8 ml) and glacial acetic acid (16 ml) and 
the solution refluxed with stirring for 5 hours. The solvents 
were evaporated to leave a brown solid which was com- 
bined with three other smaller batches and recrystallised 
twice from aqueous ethanolic sodium hydroxide by addition 
of acetic acid to pH approximately 6 to give DL-3,5- 
^imethyl-3'-(6^xo-3(l H}-pyri^ as a 

cream coloured solid (1.11 g), m.p 250-253°. 

Example 9 



L-S.S-Diiodo-S'-fl -(6-oxo-3(1 H)-pyridyl)-ethy1]-thyronine 

(a) 2,5-Dimethyoxyacetophenone (341 g) was added to 
cooled stirred sulphunc acid (21) under nitrogen. The solu- 
tion was heated with stirring at 50 t 5° for 72 hours, 
cooled, and poured onto crushed ice (7.5 kg). The mixture 
was extracted with ether (twice with 1 litre then once with 
0.5 litre), then the combined organ ics extracted with 2N 
sodium hydroxide (three times with 1 litre). The combined 
alkaline extracts were acidified with concentrated hydrochlo- 
ric acid and the resulting precipitate collected, washed with 
water and dried to give 5-hydroxy-2-methoxy-acetophenone 
(132.4 g, 42%), m.p. 82-83°. 

(b) This phenol (66.52 g) was dissolved in dich- 
loromethane (800 ml) containing benzyl bromide (82.1 g) 
and Adogen 464 (18.6 g). A solution of sodium hydroxide 
(48.0 g) in water (800 mf) was added and the mixture 
stirred at room temperature for 2.5 hours. The organic layer 
was removed, washed with water (three times), then dried 
with anhydrous sodium sulphate and evaporated. The resi- 
due crystallised from petroleum spirit to give 5-benzytoxy-2- 
-methoxyacetophenone (94.33 g, 92%), m.p, 49-50°. 

(c) To a stirred solution of 5-bromo-2-rnethoxy-pyridine 
(42.31 g) in dry tetrahydrofuran (180 ml) under nitrogen at - 
-100° (liquid nitrogen/ether) was added a solution of n-butyl 
lithium in hexane (141 ml of a 1.6M solution) in dry 
tetrahydrofuran (110 ml), maintaining the temperature below 
-95°. A solution of 5-benzyloxy-2-metfKDxyacetophenone - 
(38.44 g) in dry tetrahydrofuran (120 ml) was added, again 
maintaining the temperature below -95°. After the addition 
was complete, the reaction temperature was allowed to rise 
to -7°, then excess saturated ammonium chloride solution 
was added. The organic layer was removed and the aque- 
ous extracted with ethyl acetate. The combined organ cs 
were dried with sodium sulphate and evaporated to give an 
oil which crystallised from dlchtoramethane/petroleurn spirit - 
(60-80°) to give 1-(5-fjen2yloxy-2-methoxyphenyl)-1-(6- 
-methoxy-3-rjyrkty)-ethanol (36.12 g, 66%), m.p. 53-4°. 

(d) This carbinol (35.98 g) was dissolved in methanol 
(145 ml), 10% palladium on charcoal (5.9 g) added, and 
the mixture hydrogenated in a Parr apparatus. When uptake 
of hydrogen was complete, concentrated hydrochloric acid - 
(1 ml) was added, the mixture filtered and the filtrate evap- 
orated to dryness. The residue was taken up in acetic acid 
(150 ml), fresh 10% palladium on charcoal (6.0 g) added, 
and the mixture hydrogenated in a Parr apparatus at 60° 
under three atmospheres of hydrogen, until hydrogen up- 
take ceased (5 hours). The cooled mixture was filtered, then 
evaporated to dryness and the residue dissolved on chlo- 
roform. The chloroform solution was washed with saturated 
sodium bicarbonate solution, then dried with anhydrous so- 



dium sulphate and evaporated to dryness. The residue was 
subjected to column chromatography on silica gel (300 g). 
Elutkxi with chloroform gave 4-methoxy-3-[i -(6-methoxy-3- 
-pyricfy1-ethyl]-phenol (6.1 g, 24%) as a waxy glass which 
5 did not crystallise. 

(Found: C. 69.54; H, 6.93; N t 5.51; C„H„N0 3 
Requires: C, 69.48; H. 6.61; N, 5.40%). 

(e) Reaction of this phenol (6.0 g) with L-3,5-dinitro-N- 
10 -trrfluoroacetyi tyrosine ethyl ester was carried out as de- 
scribed in Example i(n) to give, after column chromatog- 
raphy on silica gel, L-3,5-dinitro-3 , -[i-(6-methoxy-3-pyridyl)- 
-ethvl]-0-metfiyl-N-tn1luc>roacetyl thyronine ethyl ester (5.2 
g, 35%) as a yellow froth which did not crystallise. 

75 (FoundrC, 52.00; H, 4.24; N, 8.49. CH^F^O,, 
RequiresC, 52.83; H, 4.28;N, 8.80%). 

(f) This dinitro compound (5.1 g) was hydrogenated, 
bis-diazotised and iodinated as described in Example 2(d) to 

20 give L-3,5-diiocto-3 , -[1-(6-methoxy-3-pyridyl)-ethyl]-0- 
-rnetriyl-N-trrfluoroacetyf thyronine ethyl ester (3.85 g, 
56%) as a colourless froth which did not crystallise. - 
(Found:C. 42.59;H, 3.54;N, 3.37;l, 31.61. CH^F^N^* 
Requires:C, 42.12;H, 3.41; N, 3.51;l, 31.80%). 

25 

(g) This diiodo compound was treated with hydrobromic 
and acetic 'acids as described in Example 1(p) to give L- 
-3,5-diiodo-3-[1 -(6-oxo-3(1 H)-pyridyl)-ethyi] -thyronine (2.14 
g, 77%), m.p. 220-230° (dec.). 

30 

Example 10 



L-3,5-DiiCKJo<)-n^yl-3W6-oxo-3(1H)-pyr^ 
35 -thyronine 

A solution of L-3 t 5-diiodo-3'-{6-methoxy-3- 
-pyrktymetfryl)-0-rr»thy]-N^ thyronine ethyl es- 

ter (1.90 g, prepared as in Example 2(d)) in glacial acetic 

40 acid (40 ml) and concentrated hydrochloric acid (40 ml) 
was refluxed with stirring for 17 hours. The solvents were 
evaporated and the resulting gum triturated with water. The 
mixture was cooled, the precipitate was collected and re- 
crystallised several times from aqueous sodium hydroxide 

45 by addition of glacial acetic acid to pH approximately 6 to 
afford L-3,5-diiodo-0-methyi-3'-(6-oxo-3(1 H)-pyridyimethyl)- 
- thyronine as a light brown solid (1.02 g, 65%), m.p, 228° - 
(dec.). 

60 Example 11 



L-N-Acetyl-3.5-diic<k>3'-(6-oxo-3(lH)-pyrkJylmethyl)- 
-thyronine 

55 

To a cooled (4°) solution of L-3.5-diiodo-3'-(6-oxo-3- 
(iH)-rjyridylmetrryl)-thyronine (0.90 g, prepared as in Exam- 
ple 2) in 2N sodium hydroxide (15 ml) was added acetic 
anhydride (0.68 ml). The solution was stirred at room tem- 

60 perature for 2 hours, with sufficient 2N sodium hydroxide 
periodically added to keep the solution basic. After acidifica- 
tion with concentrated hydrochloric acid and dilution with 
water (20 ml) the resulting precipitate was collected, 
washed with water then recrystallised twice from aqueous 

65 ethanolic sodium hydroxide on addition of glacial acetic acid 
to give L-N-acety1-3,5-ditc<to-3 , -(6-oxo-3(lH)-pyridylmethyl)- 
- thyronine as a grey coloured solid (0.72 g, 76%), m.p. 
228-23T (dec). 
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Example 12 



L-3.5-Dibromo-3:-(6-oxo-3(1H)-pyridylmethyl)-thyronine 
ethyl ester 

L-S.S-Dibromo-S'-ce-oxo-S-l 1 H)-pyridylrnethy1)- 
-thyronine (4.0 g, prepared as described in Example 1) was 
suspended in dry absolute ethanol (60 ml) and dry hy- 
drogen chloride gas was passed for 3 hours. The solvents 
were evaporated and the residue was triturated with aque- 
ous saturated sodium bicarbonate to give a white solid 
which was collected and chromatographed on silica gel. 
Elution with acetonitrile/ethanol 33% methylamine in ethanol 
(25:5:2) gave L-3 f 5-dibrorno-3'-(6^xo-3(1H)-pyridylmethyl)- 
thyronine ethyl ester (3.0 g, 71%), m.p. 153-55°. 

Example 13 



L-StS-Dibromo-S'^e-oxo-SflHJ-pyridylmethyiJ-thyroninamide 

L-3,5-Dibromo-3'-(6^xo-3(iH)-pyndyfmetlTyl)-thyronine 
ethyl ester (2.0 g, prepared as described in Example 12) 
was dissolved in absolute alcohol (30 ml). Ammonia gas 
was passed through the solution for 2 hours, which was 
then heated in a bomb at 80° for a total of 7 hours. The 
reaction mixture was concentrated to give L-3 f 5-dibromo-3'- 
-(6-oxo-3(1 H)-pyridylmethyl).thyroninamide (0.635 g, 39%), 
m.p. 238-240° (dec.). 

Example 14 



DL-4-(4 , -Hydroxy-3 , -(6-oxo-3(1H)-pyrioylmethyi)phenytth©^ 
-3,5-dichlorophenylalanine 

(a) To a stirred suspension of 2,6-dichloro-4-nitroaniline 
(200 g) in glacial acetic acid (1.3 I) at 16° was added 
dropwise a solution of sodium nitrite (93.84 g) in con- 
centrated sulphuric acid (500 ml), keeping the reaction 
mixture below 22°. The reaction mixture was stirred and 
kept below this temperature for 0.5 hour, then poured slowly 
onto crushed ice/water (2.5 litres) containing urea (31.71 
g). keeping the mixture below 23°. Potassium iodide - 
(225.77 g) in water (600 ml) was slowly added with stirring 
and the mixture stirred at room temperature for 3 hours. 
The product was filtered off, washed with water then triturat- 
ed with hot ethanol to give 3,5-dichloro-4-iodonitrobenzene 
(263.4 g, 86%) as a buff solid, m.p. 147-150°. 

(b) A solution of sodium hydroxide (5.80 g) in water - 
(10 ml) was slowly added to a mixture of 3,5-dichloro-4- 
-iodonitrobenzene (46.10 g) and 4-methoxy-3-(6-methoxy-3- 
-pyridylmethyl) thiophenol (38.00 g, prepared as in example 
4c) in 1,4-dioxan (100 mi), with stirring and the mixture was 
stirred for 20 minutes, then poured into water (300 ml) and 
extracted with chloroform (3 times). 

The combined extracts were washed with water (3 
times) then dried over anhydrous magnesium sulphate and 
evaporated to give an orange gum (66.88 g) which was 
chromatographed on silica gel using ethyl acetate-petroleum 
spirit (60-80°. gradient elution) as eluant 

3,5-Dichloro-4-(4'-methoxy-3*-(6-methoxy-3- 
-pyridyimethyt)phenylthio)-nrtro benzene was isolated as an 
orange solid (30.08 g, 46%), m.p. 115-116° (from ethyl 
acetate-petroleum spirit (60-80) [1:4]). 



(c) 3,5-Dichtoro-4-(4 , -methoxy-3 , -(6-methoxy-3- 
-pyridyt methylene nyithio)-nitrobenzene (28.60 g) and iron 
powder (35 g) were stirred with heating in glacial acetic 
acid (250 ml) at 90° for 40 minutes. The mixture was 

5 cooled, filtered, then evaporated to dryness and the result- 
ing gum redissorved in chloroform, washed with water - 
(twice), dried over anhydrous magnesium sulphate and 
evaporated to give the crude product as a light brown gum 
(27.17 g). This gum was chromatographed on silica gel 

w using ethyl acetate-petroleum spirit (60-80°, gradient elu- 
tion)' as -eluant 3,5-DichlorcH4.-(4'-methoxy-3 , -(6-methoxy-3- 
-pyridyimethyl)phenyrthio) aniline was isolated as a pale 
yellow solid (21.29 g, 79%), m.p. 114-115°. 

(d) A solution of sodium nitrite (2.19 g) in water (20 
75 ml) was added dropwise to a cooled (10°) solution of 3,5- 

-dfchloro-4-(4'methoxy-3X6-metrKDxy^ 
phenylthio) aniline (8.94 g) in glacial acetic acid (50 ml) and 
concentrated sulphuric acid (2.6 ml) with stirring. After 10 
minutes urea (1.0 g) was added and this cool solution 

20 added from a dropping funnel to a cooled (5°) suspension 
of cuprous cyanide (19.0 g) and sodium cyanide (10.4 g) in 
water (260 ml) keeping the temperature of the mixture 
below 10°. This mixture was stirred vigorously whilst allow- 
ing to warm to room temperature and then heated at 60° 

25 for 0.5 hour. After cooling chloroform (250 ml) and sodium 
acetate (10 g) were added. The organic layer was sepa- 
rated and the aqueous re-extracted with chloroform. The 
combined organic extracts were washed with water (four 
times), dried over anhydrous magnesium sulphate and 

30 evaporated to afford a red solid which was chromatog- 
raphed on silica gel using ethyl acetate-petroteum spirit (60- 
-80, gradient elution) as eluant 3,5-Dtchlon>4(4 , -methoxy- 
-3W6-methoxy-3-pyricyimethyO^ was 
obtained as a pale yellow so/id (4.20 g, 46%), m.p. 147- 

35 -150°. 

(e) Diisobutylaluminium hydride (68.4 ml of a 1M hex- 
ane solution) was added dropwise to a stirred solution of 
3,5-dichloro-4-(4'-metrK)xy-3 , -(6-metrK)xy-pyrioVime^ 
phenytthiojbenzonitrile (7.36 g) in dry toluene (80 ml) at 

40 50°, under a nitrogen atmosphere, and this reaction mixture 
was stirred at this temperature for 2.5 hours. The mixture 
was cooled and poured onto 2N HCI (250 ml) with vigorous 
stirring. After 20 minutes the organic layer was separated 
and the aqueous re-extracted with toluene. The organic 

45 extracts were combined, washed with water (three times), 
dried over anhydrous magnesium sulphate and evaporated 
to give an orange gum, which was purified by column 
chromatography on silica gel. 3,5-Dichloro-4-(4 , -methoxy-3'- 
-(6-methoxy-3-pyridylmethoxy)pr«nytmio)-benzaidehyde was 

so isolated, by elution with 10% ethyl acetate-petroleum spirit - 
(60-80°), as a pale yellow solid (3.00 g, 40%). m.p.iQ2- 
-104°. 

(f) To a stinred solution of this aldehyde (2.62 g) in 
methanol (25 ml) and 1,4-dioxan (4 ml), cooled to 5°, was 

55 added sodium borohydride (0.46 g) in portions. The cooling 
bath was removed and the solution stirred for 0.5 hour. The 
solvents were evaporated and the residual grey gum dis- 
solved in ethyl acetate, washed with water (three times), 
dried over anhydrous magnesium sulphate and evaporated 

60 to give 3.5-dichloro-4-(4 , -methoxy-3 , -(6-methoxy-3- 
-pyridylmethyi)phenylthiobenzyl alcohol as a white solid - 
(2.46 g, 93%), m.p. 115-117°. 

(g) To a cooled (-5°), stirred suspension of this benzyl 
alcohol (2.39 g) in dry dichloromethane (10 ml) was added 

65 triethylamine (1.25 ml) followed by toluene-4- 
-sulphonytahtoride (1.14 g) in portions. The reaction mixture 
was stirred whilst warming to 5° and stirred at this tempera- 
ture for 1.5 hours. Water (30 ml) and chloroform (30 ml) 
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were added and the organic layer was separated, washed 
with water (three times), dried over anhydrous magnesium 
sulphate and evaporated to give the crude tosyiate as a 
yellow gum (3.06 g). 

To a solution of sodium (0.110 g)*in dry ethanof (20 
ml), under nitrogen, was added diethyiacetamidomalonate - 
(1.04 g) and the clear solution was cooled to 5°. The crude 
tosyiate (2.82 g, prepared above) in dry ethand (20 ml), 
containing dry 1,4-dbxan (4 ml), was added from a drop- 
ping funnel. The reaction mixture was stirred whilst allowing 
to warm to room temperature and then stirred for 1 hour. 
Water (160 ml) and ethyl acetate (100 ml) were added and 
the organic layer separated. The aqueous was re-extracted 
with ethyl acetate and the organic layers were combined, 
washed with water (three times), dried over anhydrous 
magnesium sulphate and evaporated to give a yellow gum 
which was purified by exhaustive column chromatography 
on silica gel. N-Acetyl-3,5-dichIoro-4-(4'-methoxy-3 , -(6- 
-methoxy-3-pyridylmethyl)^ 

-phenylalanine ethyl ester was isolated by elution with 
toluene: glacial acetic acid (10:1) as a white solid (0.42 g, 
13% from 0. m.p. 170-171°. 



75 



20 



(h) To a cooted (-74°) solution of N-acetyl-3,5- 
-dk*loro-4-(4'-rnetr»xy-3'-(6-m 

pnenytthio)-a-cart>ethoxy-pher^iaianine ethyl ester (0.39 g) m 
in dry dichloromethane (10 ml) was added boron tribromide* 
(0.58 ml) with stirring. The mixture was stirred whilst warm- 
ing to room temperature and stirred for 5 hours. The 
reaction mixture was worked up and refluxed with con- 
centrated hydrochloric in glacial acetic acid in a manner 
similar to that as described in Example 1 to afford DL-4-(4'- 
-Hydroxy-3'-(6-oxo-3(1H)«rjyrk^ 

-dichtorophenyiaianine as a cream solid (0.20 g, 70%), m.p. 
261-264°. 

Examples 15-32 

The following compounds were also prepared by the 
methods described above. All compounds had satisfactory 
elemental analyses and spectral data 
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R 8 



CH 2 R' 
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Example R 1 r 7 r 8 



15 


L-CH 2 CH(NH 2 )C0 2 H 


I 


H 


227-30° 


(dec) 


16 


D-CH 2 CH (NH 2 )C0 2 H 


Br 


Br 


259-60° 


(dec) 


17 


N 


I 


I 


245-8° 


(dec) 


18 


-CH 2 C0 2 H 


CI 


CI 


273-4° 




19 


ft 


Br 


Br 


25.8-9° 


(dec J 


20 


m 


I 


I 


227-9° 


(dec) 


21 


-(CH 2 ) 2 C0 2 H 


CI 


CI 


250° 


(dec) 


22 


ft 


Br 


Br 


276-7° 


(dec) 


23 


n 


I 


I 


175-6° 




24 


-(CH 2 ) 3 C0 2 H 


CI 


CI 


228-30° 




25 


ft 


Br 


Br 


280-1° 




26 


n 


I 


I 


257° 




27 


-(CH 2 ) 4 C0 2 H 


I 


I 


249-53° 




28 


- (CH 2 ) 2 NH 2 .HC1 


I 


I 


209-10° 




29 


L-CH 2 CH (NH 2 )C0 2 H 


Br 


N0 2 


220° 


(dec) 


30 


it 

L-CH 2 CH(NH 2 )C0 2 Et 


I 


CI 


253-5° 


(dec) 


31 


CI 


CI 


100° 


(dec) 


32 


C0 2 H 


I 


I 


277-84° 


(dec) 



Examples 15, 16 and 18-30 and 32 were prepared by 
reaction of the iodonium salts {prepared in Examples 1(d) 
and 1(e)) with the appropriate phenol with R, in protected 
form {esterified and/or acytated) under the conditions of 
Example 1(g), followed by deprotection using the methods 
of Examples 1(h) and i(p). Examples 17, 19 and 20 were 
prepared by reaction the phenol of Example 1(1) with the 
appropriate R, protected (esterified and/or acylated) 
dinitrophenol under the conditions of Example i(n), followed 
by conversion of the nitro groups to halogen as in Examples 
l(o) and 2(d). then deprotection by the methods of Exam- 
ples 1 (h) and 1 (p). 

Example 33 



L-3,5-Dibromo-3 '-(6-oxo-3(l H )-pyrida2inylmethyl) -thyronine. 

(a) o-Methoxyphenytacetonitrile (23.64 g) and 3,6- 
-dichloropyridazine (23.93 g) were dissolved in dry 
dimethylformamide (50 m!) and sodium hydride (16.23 g of 
a 50% dispersion in oil) was slowly added in portions to .the 
stirred solution over 2 hours. The mixture was poured on to 
excess crushed ice and extracted with dichloromethane. 
The organic layer was removed and washed with water, 
dried with anhydrous magnesium sulphate, charcoaled and 



evaporated to dryness. The residue crystallised from 
dichloromethane/petroleum spirit to give 1 -(6-chioro-3- 
-pyridazinyl)-i -(2-methoxyphenyl)-acetonitri!e (35.5 g, 
85%), m.p. 91-92° 

45 (b) This nitrile (33.5 g) was dissolved in concentratBd 

hydrochloric acid (200 ml), acetic acid (100 ml) and water - 
(100 ml) and the solution refluxed with stirring. After 6 
hours the solvents were evaporated and the residue re- 
crystallised from ethyl acetate/petroleum spirit to give 2-(6- 

50 -oxo-3(i H)-pyridazinyirnethyi)-anisote (21.4 g, 77%), rap. 
142-3°. 

(c) This pyridazinone (15.7 g) was dissolved in phos- 
phorus oxychloride (22 ml) and the solution heated with 
stirring at 55° (oil bath) for 1 hour. The cooled mixture was 

65 slowly poured onto crushed ice. and extracted with dich- 
loromethane. The organic layer was separated and washed 
with saturated sodium bicarbonate solution, dried with anhy- 
drous magnesium sulphate and evaporated. The residue 
was combined with a smaller batch (from 2.16 g of the 

60 pyridazinone) and extracted several times with boiling petro- 
leum spirit (60-80°). The combined extracts were char- 
coaled and. evaporated to give 2-(6-ch!oro-3- 
-pyridazinylmethyl)-anisole (16.95 g, 87%), m.p. 63°. 

(d) To a stirred suspension of iodine tristrifluoroacetate 
65 (prepared from 2.54 g of iodine as described in Example 1- 

(e)) in trifluoroacetic anhydride (25 ml) at -15° was added 
the above chtoropyridazine (9.39 g) in trifluoroacetic acid - 
(20 ml) and trifluoroacetic anhydride (25 ml), keeping the 
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temperature below -15°. The mixture was stirred at room 
temperature overnight concentrated, then a solution of so- 
dium acetate (25 g) and sodium perchlorate (15 g) in water 
(200 ml) was added. The mixture was extracted with chlo- 
roform, the organic solution dried with anhydrous magne- 
sium sulphate, then concentrated to 50 ml and poured into 
stirred ether (250 ml). The precipitate was collected and 
dried to give crude 4,4 , -dimethoxy-3,3 , -bis-(6-chtoro-3- 
-pyridazinylmethyl)-diphenyl iodonium perchlorate (14 g). b - 
(DMSO-d6) 3.80 (3H, s, -OCH,). 4.20 (2H. s. -Cti»Ar), 
7.05 (1H, m, Ar-5H). 7.65 (2H, m, PyjH) and 8.00 (2H, m, 
Ar-2,6tD. 

(e) The above iodonium salt (12.45 g), L-3,5-dibromo- 
-N-trifluoroacetyl tyrosine methyl ester (8.98 g, Example 1- 
(f)), triethyiamine (4.05 g) and copper bronze (1.0 g) were 
stirred in dichloromethane (50 ml) for 18 hours. The mixture 
was filtered, washed with aqueous acetic acid, 2N sodium 
hydroxide, then water, then dried with anhydrous magne- 
sium sulphate and evaporated. The residue was combined 
with a smaller batch (from 0.72 g of the iodonium salt) and 
purified by column chromatography on silica gel (400 g). 
Elution with ethyl acetate/petroleum spirit (60-80°) [1:3] 
gave L-3,5-dibromo-3'-(6-chloro-3-pyria^inyfrriethyl)-0- 
-methyl-N-trifluoroacetyl-thyronine methyl ester (4.0 g) as a 
tan coloured froth.i (CDCI,) 3.06 (2H, m, ArCH,CH), 3.84 
and 3.93 (6H, 2s,-OCHj), 4.19(2H, s. ArCH,Py), 4.75(1 H, 
m, ArCHtCfci), 6.62 (3H, m, ArH), 7.17 (2H, m, PyH) and 
7.23 (2H, s, ArH). 

(f) The above dibromo compound (3.27 g) was dis- 
solved in acetic acid (20 ml) containing sodium acetate - 
(0.79 g). The solution was refluxed for 1.25 hours, sufficient 
water (approximately 2 ml) added to dissolve the precipitat- 
ed sodium chloride, and the solution evaporated to dryness. 
The residue was partitioned between water and ethyl ace- 
tate, the organic layer removed and washed with saturated 
sodium bicarbonate, then dried with anhydrous magnesium 
sulphate and evaporated to dryness. The residue was 
crystallised from ethyl acetate/petroleum spirit (60-80°) to 
give L-3,5-dibromo-0-methyl-3 , -(6-oxo-3(i H)- 
-pyricazinylrr»thyl)-N-trifluoroa^ methyl ester - 
(2.52 g, 79%). m.p. 176-8°. 

(g) This pyndazinone (2.45 g) was dissolved in dry 
dichtoromethane (40 ml) and cooled with stirring at 0°. 
Boron tribrcmide (6.46 g) in dtehkxomethane (3 ml) was 
added. A red-brown precipitate formed. The mixture was 
stirred at room temperature for 1.5 hours, then crushed tee 
was added. The mixture was filtered, the precipitate col- 
lected and dissolved in 2N sodium hydroxide (30 ml). The 
solution was heated on a steam bath for 15 minutes, acetic 
acid was then added to pH5, and the mixture cooled. The 
resulting precipitate was collected, washed and dried to give 
L-3,5-dibromo-3'-(6-Oxo-3(1 H)-pyrid^ 

(1.74 g, 88%), m.p. 278-9° (dec.). 

Alternatively, instead of using the perchlorate salt pre- 
pared in (d) for reaction step (e), the iodonium 
triftuofoacetate salt can be used, which is prepared as 
follows: - 

Iodine (159 g) was suspended in trifluoroacetic anhy- 
dride (i litre) and stirred under nitrogen whilst fuming nitric 
acid (350 ml) was added over 1.5 hours, keeping the 
temperature between 36° and 40°. Trifluoroacetic anhy- 
dride (300 ml) was then added and the mixture maintained 
at 40° under a stream of nitrogen until all nitrogen oxides 
were removed, then allowed to stand at room temperature 
overnight The solvent was then removed under reduced 
pressure and the residual solvent removed by azeotroping 
with trifluoroacetic anhydride (2 x 300 ml). The pale yellow 
residual solid was then suspended in trifluoroacetic anhy- 



dride (1.2 litres) with stirring and was cooled to -20°. A 
solution of 2-(6-<^loro-3-pvnida2inytmethyl)anisole (600 g) in 
trifluoroacetic acid (1.2 litres) was then added dropwise, 
maintaining the temperature between -10° and -20°. The 

5 mixture was stirred at -10° for i hour and at room tempera- 
ture overnight, then the solvent removed under reduced 
pressure and the residue poured into a solution of sodium 
sulphate (3.5 kg) in water (20 litres) with stirring. The pH of 
this mixture was adjusted to approximately pH 2 using dilute 

w aqueous sodium hydroxide, then extracted with dich- 
toromethane (2x3 litres, 1 x' 2 litres), the organic extracts 
combined, dried (MgSOO, filtered, and reduced in volume to 
2 litres, then added to vigorously stirred diethyl ether (12 
litres). The dark grey precipitated solid was filtered off. 

75 washed with ether, and dried in a vacuum oven at 40° for 
6 hours to give 4,4'-dimethoxy-3,3 , -bis-(6-chloro-3- 
-pyriaazinyt methyl) diphenyf iodonium trifluoroacetate (814 
g, 90%) m.p. 145-147°. 

Further reaction of this salt using procedures analogous 

20 to those described in 33(e), (f) and (g) above gives the 
required U-3,5-dibromo-3 , -(6-oxo-3(1 H)-pyridazinylmethyl)- 
thyronine. 

Example 33A 

25 

L-3,5-Dibrorrx>3X6-oxo-3(1H)-pyride*n^ 

(a) 2-(6-Chk^-3-pyridazinylrrwthyl)anisole (prepared 
30 as described in Example 33(c)) (2.35 g) was dissolved in 
dry dichtoromethane (20 ml) and cooled with stirring to - 
-50°. Boron tribromide (3 ml) was then added dropwise, 
and the solution was allowed to warm to room temperature. 
After 0.5 hours the orange reaction mixture was poured into 
35 ice/water (200 ml) and acetone added to dissolve the 
precipitated solid. The mixture was extracted with dich- 
toromethane, the organic extracts were separated, washed 
with water, dried, and evaporated. The residue was re- 
crystallised from ethyl acetate and petroleum spirit to give 
40 2-(6-chtoro-3-pyridazinylmethyl)phenol (1.75 g, 80%), m.p. 
132-132.5°. 

Found: C, 59.61; H. 4.13; N, 12.47; CI, 16.09; C.H.CIN.O 
Requires: C, 59.87; H, 4.11; N, 12.70; CI, 16.07%. 

45 (b) To a stirred solution of this phenol (2.4 g) and urea 

(14 g) in 75% aqueous sulphuric acid (100 ml) t-butanol - 
(17 ml) was added stowty. The mixture was stirred well and 
further quantities of t-butanol were added after 4 hours (18 
ml), 24 hours (5 ml), and 28 hours (20 ml). After 120 hours 

50 the mixture was poured into water, the organic phase sepa- 
rated and discarded and the aqueous phase extracted thor- 
oughly with ether. The combined ether extracts were 
washed with saturated brine, then dried and evaporated. 
The residue was recrystaJlised from ether and petroleum 

55 spirit to give 2,4-di-t-butyl-6-(6-chloro-3-pyridazinylrnethyl)- 
phenol (3.43 g, 94%) m.p. 143.0-143.5°. 
Found: C, 68.32; H, 7.51; N, 8.36; CI, 10.89; C„H„ CI 
NMD. 

Requires: C, 68.56; H, 7.57; N, 8.41 ; CI, 10.65%). 

60 

(c) A solution of this phenol (1.95 g), L-3,5-dibromo-N- 
-trifluoroacetyl tyrosine methyl ester (3.24 g) in diethyl ether 
(100 ml) was stirred under argon at room temperature and 
then treated with active manganese dioxide (3x5 g). After 
65 4 hours the mixture was filtered, and titanium tetrachloride - 
(5 ml) added. After 2 minutes the dark solution was treated 
with water and extracted well with ethyl acetate. The or- 
ganic extracts were combined, washed with saturated brine, 
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dried and evaporated. The residue was chromatographed 
on silica gel with petroleum spirit and ether as eluant to give 
L-33-dibromo-5'-t-buty1«3*-(6-chlo^ 
-trifluoroacetylthyronine methyl ester (2.31 g, 55%), m.p. 
84-86°. 

(d) A solution of this dibromothyronine (2.76 g) and 
anhydrous sodium acetate (0.78 g) in acetic acid (25 ml) 
was heated at reflux for 10 hours, then cooled and poured 
into ice-water. The precipitated solid was filtered off, dis- 

• solved in ethyl acetate, dried, and evaporated to give L-3,5- 
-dibromo-5'-t-butyl-3 '-(6-0X0-3(1 H)-pyrioa2inylmethyl)-N- 
-trifluoroacetylthyronine methyl ester, (2.4 g, 55%), m.p. 
112-115°. 

(e) A solution of this pyridazinone (0.200 g) and HBr - 
(1 ml) in glacial acetic acid (20 ml) was heated at reflux for 
three days. The solution was then cooled, diluted with 
water, basified with aqueous 2N sodium hydroxide solution 
and brought to pH 6 by addition of acetic acid. The 

J precipated solid was filtered, washed, and dried to give L- 
-3,5-dibromo-3'-(6-oxo-3(1 H)-pyridazinyl methyl) thyronine - 
(0.100 g, 65%) m.p. 245.247° (dec.), spectroscopicaJly 
- identical with that previously isolated (Example 33(g)). 

Example 33B 



L-3,5-Dibromo-3 '-(6-0X0-3(1 H)-pyridazinylmethyl)-thyronine. 

(a) To a solution of iodine tristrifluoroacetate (prepared 
by treatment of iodine (1 0.0 g) with fuming nitric acid (20.95 
ml) in acetic anhydride and trifluoroacetic acid) in acetic 
anhydride (50 ml), cooled to -10°, was added dropwise a 
solution of 2 -methoxy benzyl cyanide (30.0 g) in 
trifluoroacetic acid (60 ml) and acetic anhydride (30 ml). 
The temperature of the mixture was maintained below 0° 
during the addition then allowed to stand at room tempera- 
ture overnight The mixture was then poured into a well- 
- stirred ice-cold solution of sodium acetate (100 g) and 
sodium perchlorate (13.0 g) in water (600 ml). The solid 
which precipitated was filtered off, washed with water and 
diethyl ether to give S.S'-dicyanomethyl^^'-dimethoxy- 
-diphenyl iodonium perchlorate as a fine buff solid (23.6 g, 
57%), m.p. 183-4° (from methanol/diethyl ether). 

(b) A solution of this iodonium salt (22.6 g), L-3,5- 
-dibromo-N-trffluoroacetyltyrosine methyl ester (Example 1 - 
(f)), triethylamine (6.1 g) in dichloromethane (300 ml) was 
treated with copper bronze (1 g) and the mixture stirred at 
room temperature for 20 hours. The mixture was then 
filtered and the filtrate washed with 2N aqueous hydrochlo- 
ric acid (2 x 200 ml), water (2 x 200 ml), and 2N aqueous 
sodium hydroxide solution (3 x 200 ml), then the organic 
solution was dried over magnesium sulphate and evap- 
orated under reduced pressure. The oily residue was dis- 
solved in dichloromethane (30 ml) and poured into petro- 
leum spirit A solid precipitated which was filtered off and 
recrystallised from dichloromerthane/ petroleum spirit to give 
L-S.S-djbromo-S'-cyarwrnethyl-O-methyl-N- 
-trifluoroacetylthyronine methyl ester as a colourless cry- 
stalline solid, m.p. 148-149°. The mother liquors were 
chromatographed on silica gel to give further quantities of 
this compound (total « 8.05 g, 31%). 

(c) To a solution of this dibromothyronine (120 mg) and 
3,6-dichloropyridazine (31 mg) in dry dimethylformamide (2 
ml), sodium hydride (30 mg of a 50% suspension in oil) 
was added and the reaction mixture allowed to stand at 
room temperature for 50 min. It was then treated with ice, 
and the aqueous mixture extracted with dichloromethane, 
the organic solution washed with saturated brine, then dried 



and evaporated. The residue was chromatographed on a 
preparative silica gel chromatography plate from which 3,5- 
-dibromo-3'-(1 -{6-chlon>3-pyridazinyl)-l -cyanomethyl)-0- 
-meWyl-N-tn^uofoactyithyronine methyl ester (5 mg) was 

5 isolated. 6 (CDCI,) 3.12 (1H, m), 3.27 (1H, m), 3.79 (3H, 
. S), 3. 86 (3H, s), 4.86 (1H, m). 5.80 (1H, s), 6.72 (1H, dd), 
6.83 (1H. d). 7.04 <1H, d), 7.15 (1H, broad m), 7.37 (2H, 
s), 7.50 (2H. dd). 

Elaboration of this intermediate by standard methods 

10 gives the title compound. 

Example 34 



75 L-3,5-Diiodo-3'-(6-oxo-3(1 H)-pyrid8zinylmethy)-thyronine. 

(a) 5-Benzyloxy-2-methoxybenzaldehyde (150.4 g) was 
suspended in methanol (600 ml) and to the gently warmed 
stirred mixture was added, in portions, sodium borohydride - 

20 (15.0 g). The methanol was evaporated and the residue 
partitioned between dichloromethane and water. The or- 
ganic layer was washed with water, then saturated sodium 
chloride, dried with anhydrous magnesium sulphate and 
evaporated to dryness. The residue crystallised from 

25 dichloromethane/petroleum spirit (40-60°) to give 5- 
-benzyloxy-2-rnethoxybenzyt alcohol (143.8 g, 95%), m.p. 
50-51°. 

(b) The above benzyl alcohol (143.8 g) was dissolved 
in dry dichloromethane and to the stirred cooled (-5°) 

30 solution was added, dropwise, a solution of phosphorus 
tribromide (58.5 g) in dichloromethane (100 ml), keeping the 
temperature below 0°. Additional dichloromethane (100 ml) 
was added to facilitate stirring. The mixture was stirred to 
10°, water (500 ml) was added, the organic layer sepa- 

35 rated, thoroughly washed with water, dried with anhydrous 
magnesium sulphate and evaporated to dryness. The resi- 
due was recrystallised from dichloromethane/petroleum spirit 
(60-80°) to give 5-benzyloxy-2-methoxy-benzyl bromide - 
(146.8 g, 81%), m.p. 88-90°. 

40 (c) Sodium cyanide (16.12 g) was dissolved in hot 

dimethyl sulphoxide (250 ml). To the warm solution was 
added, in portions with stirring, the above benzyl bromide - 
(100 g); a precipitate appeared. The cooled solid mass was 
treated with excess water (total volume 1.21), the mixture 

45 stirred vigorously, the precipitate collected and recrystallised 
from methanol on addition of water to give 5-benzytaxy-2- 
-methoxyphenyl acetonitrile (72.2 g, 87%), m.p. 63-5°. 

(d) The above nitrite (14.84 g) was treated with 3,6- 
-dichloropyridazine and sodium hydride as described in Ex- 

50 ample 33(a) to give l-(5-benzyloxy-2-methoxyphenvl)-l-(6- 
-chloro-3-pyridazinyl)-acetonitrile (13.8 g, 64%), m.p. 152- 
-6° (dec.) (from chloroform/petrol). 

(e) The above chtoropyridazine (12.83 g) was dis- 
solved in acetic acid (70 ml) containing sodium acetate - 

55 (5.76 g). The solution was refluxed 1 hour, and to the hot 
mixture was added water (70 ml). The mixture was cooled, 
the precipitate collected and washed and dried to give l-(5- 
-benzy!oxy-2-methoxyphenyl)-l -(6-oxo-3(1 H)-pyridaztnyl)- 
-acetonitrile (11.43 g, 94%), m.p. 194-5°. 

bo (f) The above nitrile (11.00 g) was dissolved in con- 

centrated hydrochloric acid (50 ml) and acetic acid (100 
ml) and the mixture refluxed for 20 minutes, then evap- 
orated to dryness. The residue was dissolved in concen- 
trated hydrochloric acid (50 ml) and water (50 ml) and 

65 refluxed with stirring for 6 hours. Trituration of the cooled 
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solution gave 4-methoxy-3-(6-oxo-3(lH)-pyridazinylm©thyi)- 
-phenol hydrochloride (2.36 g), m.p. 175-82°. A second 
crop of the product (4.6 g, total yield 82%) was obtained 
upon concentration of the mother liquors. 

ig) The above phenol (6.94 g) was treated with L-3, 5- 
^nitro-N-trifiuoroacetyl-tyrosine ethyl ester (Example 1(m) 
as described in Example 1 (n) to give L-3,5-dinitro-0-methyl- 
-3'-(6-oxo-3(i H)-pynViazinylmethyl)-N-trifluoroacetyl 
thyronine ethyl ester (6.56 g, 36%), m.p. 170-2° (from 
ethyl acetate/petroleum spirit (60-80°)). 

(h) The dinitro compound obtained above was succes- 
sively reduced, bis-diazotised and iodinated as described in 
Example 2(d) to give, after purification by column 
chromatography and recrystallisation from aqueous ethanol, 
L-3,5-dikxlo-0-methy1-3 '-(6-oxo-3(l H)-pyridazinymethyl)-N- 
-triftuoroacetyl thyronine ethyl ester (2.00 g, 24%), m.p. 
220-3° (dec). 

(i) The preceding diiodo compound (1.82 g) was treat- 
ed with boron tribromtde, then with sodium hydroxide as 
described in Example 33(g) to give L-SiS-diiodo-S'-te-oxo-S- 
(lH)-pyrida2inylrnethyl)-thyronine (1.00 fi, 67%), m.p. 258- 
-62°(dec.). 

Example 35 



L-3.5-Dfchtora-3 W6-oxo-3(1 H)-pyridari 

(a) Reaction of L-3,5-dchloro-N-trifluoroacetyl tyrosine 
methyl ester (Example 3(a)) with the iodonium perchlorate 
of Example 33(d) was carried out as described in Example 
33(e). The product was treated with sodium acetate in 
acetic acid as described in Example 33(f) to give L-3,5- 
<tichloro-0-methy1-3 , -(6-oxo-3( 1 H)-pyridazinyimelhyl)-N- 
-trifluoraacetytthyronine methyl ester, m.p. 157-60° (from 
ethyl acetate/petroleum spirit (60-80°)). 

(b) The dichloro compound (1.04 g) was treated with 
boron tribromkJe followed by sodium hydroxide as described 
in Example 33(g) to give L-3,5-dichk>ro-3'-(6-oxo-3(1H)- 
-pyrioaztnv!methyi)-thyronine (0.69 g, 85%), m.p. 245° - 
(dec.). 

Example 36 



L-3,5^Dikxto-3 , -(5-hydroxy-2-pyrkJyirnethyi)-thyro^ 

(a) 2-Amtno-5-methoxypyridine (14.8 g, prepared by 
the method of J.G. Lombardino, J. Med. Chem.. 1981, 2*, 
39) was dissolved in 60% hydrobromic acid (150 ml) and 
to the cooled (-10°) stirred solution bromine (47.47 g) was 
added dropwise. To the resulting yellow suspension was 
added, dropwise. sodium nitrite (20.53 g) in water (40 ml), 
keeping the temperature below. -5°. The mixture was stirred 
to room temperature, and after 0.5 hour cooled to 0°, and a 
solution of sodium hydroxide (120 g) in water (100 ml) was 
stowty added. The mixture was thoroughly extracted with 
ether, the combined ether extracts dried with anhydrous 
sodium sulphate, and evaporated. The residue was 
chrom atographed on silica gel (150 g). Elution with dich- 
toromethane gave a yellow oil (14.1 g, 63%) which was 
combined with a smaller batch (3.4 g) and distilled under 
reduced pressure to give 2-bromo-5-methoxypyridine (16.4 
g). b.p. 76-78°/0.6 torr. 

(b) 2-Brorno-5-methoxypyridine (15.35 g) was succes- 
sively treated with n-butyl lithium and 5-benzytoxy-2- 
-rr®thoxybenzaldehyde (I6.47 .g, Example i(i)) under the 
conditions of Example i(j). The crude carbinol (19.4 g) was 



treated with acetic anhydride and pyridine as described in 
Example 1(k). The product was purified by column 
chromatography on silica gel (550 g). Elution with petroleum 
spirit (60-80° Vethyi acetate (2:1), then recrystallisation from 
5 dichtorofnetharieypetroleum . spirit gave 1 -{3-benzyioxy-6- 
-methoxyphenvl)-1 -(5-rr^oxy-2-pyridyl)-rnethyl acetate - 
(13.29 g, 50%), rrup. 105-110°. 

(c) The acetate (11.78 g) was hydrogenated in glacial 
acetic acid (60 ml) and concentrated hydrochloric acid (0.5 

10 ml) with 10% palladium on charcoal (3.0 g). When hy- 
drogen uptake had ceased, the mixture was filtered, evap- 
orated to dryness, and partitioned between chloroform and 
saturated potassium bicarbonate solution. The organic layer 
was separated, dried with anhydrous sodium sulphate and 

15 evaporated to dryness. The residue was triturated with 
petroleum spirit/ether to give 4-methoxy-3-(5-methoxy-2- 
-pyrkiylmetfiylj-phenol (4.72 g, 64%), m.p. 115-22°. 

(d) The preceding phenol was treated with L-3,5- 
-dinrtro-N-tnlluoroacetyl-tyrosine ethyl ester (Example l(m)) 

20 as described in Example 1(n) to give L-3 t 5-dinrtro-3'-(5- 
-metrttxy-2-pyriaYlmelhyl)-0-m 

thyronine ethyl ester (8.04 g, 68%) as a yellow froth after 
column chromatography. (Found:C, 51.89; H, 4.13; N, 8.47. 
CrMtJFJtttO* Requires: C, 52.09; H, 4.05; N. 9.00%); 

25 (e) The dinitro compound (7.70 g) was successively 

reduced, bis-diazotised and iodinated as described in Exam- 
ple 2(d). Purification by exhaustive medium pressure column 
chromatography gave L-3,5-diiodo-3 , -(5-methoxy-2- 
-pyrioVlmethyO-O-methyi^ thyronine ethyl es- 

30 ter (0.85 g, 9%), m.p. 108-10° (from aqueous ethanol). 

(f) The diiodo compound (0.72 g) was dissolved in 
dichtoromethane (10 ml) and added dropwise to a cooted - 
(0°) stirred solution of boron tri bromide (27.6 g) and dich- 
toromethane (4 ml);a brown precipitate formed. The mixture 

35 was stirred at room temperature for 17 hours, diluted with 
dichtoromethane (50 ml) and cautiously added to stirred 
ice/water (300 ml). The pH of the aqueous mixture was 
adjusted to 4 and the mixture thoroughly extracted with 
ethyl acetate. The combined organic extracts were evap- 

40 orated to dryness and dissolved in 2N sodium hydroxide - 
(20 ml) and water (30 ml). The solution was heated on a 
steam bath for 10 minutes, charcoaled, filtered, and treated 
with acetic acid to pH5. The precipitate was collected, 
washed and dried to give L-3,5-diiodo-3 , -(5-hydroxy-2- 

45 -pyridylmetrtylj-thyronine (0.43 g, 74%), m.p. 277° (dec). 

Example 37 



50 L-3.5-Diiocto-3 , -(4-hydroxybenzyl)-thyronine 

(a) 2,4 , -Dimethoxydiphenylmethane (103 g, prepared 
by the method of A.M. Choudhury et al., J. Chem. Sor;. 
Qi, 1970, 2543) in triftuoroacetic acid (70 ml) and acetic 

55 anhydride (150 mi) was added during 1 hour to a stirred 
suspension of iodine tristrffluoroacetate (105 g) in acetic 
anhydride (150 ml) at 18-20°. After 40 minutes the sol- 
vents were evaporated, the residue dissolved in methanol - 
(150 ml) and poured into a stirred solution of potassium 

60 bromide (150 g) in water (600 ml). The solid precipitate 
was collected and dried to give crude 4,4'-dirnethoxy-3.3 *- 
-bis-(4-methpxyt)er^)-diphenyl iodonium bromide (56 g, 
37%), m.p. ii0°(dea). 

(b) The preceding iodium bromide (25 g). l_-3,5-diiodo- 
65 -N-trffluoroacetyl tyrosine methyl ester (20.52 g, Example 2- 

(a)). triethylamine (12 ml) and copper bronze (1 g) were 
stirred in methanol at room temperature for 19 hours. The 
mixture was filtered, evaporated to dryness, redissolved in 
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toluene, and washed successively with IN potassium hy- 
droxide and water. The organic solution was dried with 
anhydrous magnesium sulphate and evaporated to dryness. 
The residue was purified by column chromatography on 
silica gel, eluting with chloroform to give L-3,5-diiodc-3'-(4- 5 
-methoxybenzy1)-0-methyl-N-tnflucTOac8tyl thyronine methyl 
ester (3.51 g, 12%), m.p. 89-92° (from 
chloroform/petroleum spirit). 

(c) The diiodo compound (3.37 g) was treated succes- 
sively with boron tribromide and sodium hydroxide as de- 10 
scribed in Example 33(g) to give L-3,5-diiodo-3'-{4- 
-hydroxybenzyl)thyronine (1.3 g, 64%), m.p. 251-3°. 

Alternatively, the title compound was prepared as fol- 
lows: 

(d) To the Grignard reagent prepared from 4- 75 
-bromoanisole (286 g) and magnesium turnings (38.5 g) in 

dry tetrahydrofuran (480 ml) was added, dropwise, with 
vigorous stirring, a solution of 5-hydroxy-2-methoxy- 
-benzafdehyde (100 g) in dry tetrahydrofuran (1 litre). The 
mixture was heated on a steam bath for 3 hours, cooled 20 
and decomposed with saturated ammonium chloride solu- 
tion. The organic layer was removed and the aqueous 
extracted with ethyl acetate (twice). The combined organics 
were washed with water, dried with anhydrous magnesium 
sulphate and evaporated to dryness. The residue was 25 
stirred with water (4 litres), and the buff coloured solid 
collected and dried to give crude i-(5-hydroxy-2- 
-methoxyphenylM -(4-methoxy- phenyD-methanol (170 g, 
99%), m.p. 62-68°. This carbinol (85 g) was dissolved in 
ethanol (700 ml) and 10% palladium on charcoal (10 g) 30 
added. The mixture was hydrogenated in a Parr apparatus 
at 45° until hydrogen uptake ceased. The mixture was 
filtered, the filtrate evaporated to dryness and the residue 
filtered through a column containing silica gel, eluting with 
dichloromethane, to give 2,4'-dimethoxy-5- 35 
-hydroxydiphenylmethane (46 g, 58%), m.p. 56-58° (from 
petroleum spirit (60-80°)). 

(e) The phenol obtained above was treated with L-3,5- 
•dinitro-N-trifluoroacetyl tyrosine ethyl ester (Example Km)) 

as described in Example i(n) and the resulting dinitro 40 
thyronine (m.p. 98-100°) converted to the diiodo compound 
(m.p. 94-7°) as described in Example 2(d). Deprotection of 
this diiodo compound as described in Example 33(g) gave 
L-S.S-diiodo-a'-^-hydroxybenzylJthyronine. identical in all 
respects to ihe sample obtained in (c) above. 45 

Example 38 



L-3,5-Diiodo-4-(4 , -hydroxy-3 , -(4-hydroxybenzyl)-phenytthio)- 50 
-phenylalanine 

(a) Treatment of 2,4 , -dimetrK3xydiphenylmethane with 
lead thiocyanate and chlorine as described in Example 4(a) 
gave 2,4*-dimethoxy-5-thioc3yWiodiphenylmethane as an oil 55 
which did not crystallise. (Found: C, 67.16; H, 5.31; N, 
5.01; S, 10.91. C l$ H„NO,S Requires: C, 67.34; H, 5.30; N, 
4.91; S, 11.21%). 

(b) A solution of the thiocyanate (40.82 g) and sodium 
hydroxide (21 g) in water (120 ml) and dioxan (120 ml) was 60 
refluxed under nitrogen for 7 hours. The mixture was cool- 
ed, acidified to pH3 with concentrated hydrochloric acid, 

and extracted with chloroform. The organic solution was 
dried with anhydrous magnesium sulphate and evaporated 
to give the disulphide which was dissolved in acetic acid - 65 
(150 ml) and concentrated hydrochloric acid (15 ml). Pow- 
dered zinc (23 g) was added and the mixture refluxed with 
stirring for 2 hours. The mixture was filtered, diluted with 
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water (11), extracted with chloroform and the organic solu- 
tion dried with anhydrous magnesium sulphate and evap- 
orated to give 4-methoxy-3-(4-methoxybenzyl)-thiophenol - 
(36.3 g, 97%), m.p. 78°. 

(c) The thiophenol was reacted with L-3,5-dinitro-N- 
-trifluoroacetyl tyrosine (Example i(m)) as described in Ex- 
ample 4(d) to give L-3,5-dinitro-4-(4 , -rnethoxy-3 , -(4- 
-methoxybenzyl)-pherrytthip)-N-trifluoroacetyl phenylalanine 
ethyl ester (73%), m.p. 100-110° (from ether/petroleum 
spirit). 

(d) The dinitro compound (5.0 g) was reduced', bis- 
-diazotised and iodinated as described in Example 4(e). 
Exhaustive purification by column chromatography on silica 
gel gave L-3 f 5-diiodo-4-(4'-methoxy-3'-(4-methoxybenzyl)- 
-phenytthio)-N-trifluoroacetyl phenylalanine ethyl ester (2.7 
g), m.p. 122-3°. 

(e) The diiodo compound (2.2 g) was treated succes- 
sively with boron tribromide then sodium hydroxide as de- 
scribed in Example 33(g) to give L-3,5-dKodo-4-(4'-hydroxy- 
-3'-(4-hydroxybenzyl)-phenylthio)-phenylalanine (1.45 g), 
m.p. 281-2°. 

Example 39 



L-a.S-DiicHdo-S'-fi^-hydroxyphenylJ-ethylJ-thyronine 

(a) To a stirred solution of the Grignard reagent pre- 
pared from 4-bromoanisoie (29.58 g) and magnesium tur- 
nings (3.89 g) in tetrahydrofuran (90 ml) was added 5- 
-benzytoxy-2-rnethQxyacetophenone (16.21 g, Example 9- 
(g)) in dry tetrahydrofuran (120 ml) at 20° over 3 hours. 
After 1 hour saturated ammonium chloride solution (200 
ml) was added, the organic layer was removed, and the 
aqueous extracted with ethyl acetate. The combined or- 
ganics were dried with anhydrous sodium sulphate and 
evaporated to dryness. The residue was extracted with 
boiling petroleum spirit (60-80°, 3 x 200 ml) and on cooling 
1 -(5-benzyloxy-2-methoxyphenylh1 -(4-methoxyphenyi)- 
ethanol (12.19 g, 53%) was obtained, m.p. 97-100°. 

(b) A suspension of the carbinol (12.04 g) in ethanol - 
(75 ml) containing 10% palladium on charcoal (1.0 g) was 
hydrogenated on a Parr apparatus. When uptake of hy- 
drogen was complete, the mixture was filtered, evaporated 
to dryness, and the residue triturated with 
dichloromethane/petroleum spirit (60-80°) to give 4- 
-methoxy-5-(l-(4-methoxyphenyl)ethyl)phenol (7.12 g, 
85%), m.p. 81-83°. 

(c) This phenol (8.40 g) was reacted with L-3,5-dinitro- 
-N-trifluoroacetyi tyrosine ethyl ester (Example l(m)) as 
described in Example 1(n), Purification of the product by 
chromatography on silica gel, eluting with chloroform, gave 
L-3,5-dinitro-3 , -(l-(4-methcwyphenyi)-ethyl)-0-methyl-N- 
-trifluoroacetyl thyronine ethyl ester (9.6 g, 45%) as anon 
crystalline glass. (Found: C t 53.76; H, 4.44; N, 6.14. 
C*H„F 3 N a O,„ Requires: C, 54.80; H, 4.44; N, 6.61%). 

(d) The dinitro compound (9.2 g) was reduced, bis- 
-diazotised and iodinated as described in Example 2(d). The 
crude product (4.84 g), obtained after column chromatog- 
raphy on silica gel. was dissolved in dry dichloromethane - 
(70 ml) and treated with boron tribromide as described in 
Example 1(h). The product was purified by column 
chromatography on silica gel, (230 g), eluting with 
toluene/acetone (8:1) to give L-3,5-diiodo-3'-(l -(4- 
-hydroxyphenyl)-ethyl)-N-trifluoroacetyl thyronine ethyl ester 
(1.62 g). m.p. 128-138°. 
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(e) The diiodo phenol obtained above (1.48 g) was 
dissolved in ethanol (6 ml) and a solution of sodium hydrox- 
ide (0.50 g) in water (1 ml) was added. The solution was 
kept at room temperature for 2 hours, filtered, heated on a 
steam bath for 10 minutes, and the hot solution adjusted to 
pH approximate fy 5 with glacial acetic acid. Water was 
added (total volume 100 ml) and on cooling a precipitate 
formed which was collected and washed to give L-3,5- 
^tioa^-3 , -(l-(4-hydroxypher^)-ethyi)-thyronin (0.80 g, 
65%), m.p. 204-8°. 

Also prepared by the methods described above were: 

Example 40 



L-N-Acety!-3 t 5-diiooo-3'-(4-hydro>cy^ m.p. 
133-135°. 



Example 41 



Sodium 3,5-dibromo-3'-(6-oxo-3(lH)-pyndazinylmethy1) 
thyroethanoate. m.p. 205-207° (dec). 



Example 42 



D-3.5-Dibromo-3'-(6-oxo-3(lH)-pyridazinylmethyl)-myTOnine 
m.p. 253-255°. 



Example 43 

DL-3,5-Dibromo-3 •-{6-0X0-3(1 H)-pynda2inylmethyi)-a- 
-methytthyronine, m.p. 288° (decomp). 

Found: C, 44.63; H, 3.45; N, 7.41; C», 28.74. 
C„H, t Br 1 N J O,.0.6H ) O Requires: C, 44.77; H, 3.60; N, 7.46; 
CI, 28.37%). 

Example 44 



DL-3,5-Dibromo-3 ' -{6-oxo-3( 1 H ) -pyridazinylmethyl)- 
-thyronine 

(a) i) 3,5-Dibromo-4-iodobenzonitrite (m.p. 170-175°) 
was prepared from 4-amino-3,5-dibromobenzonrtrile by the 
method described in Example 14(a). 

ii) 4-Methoxy-3-(6-oxo-3(l H)-pyridazir^rnethy1)pnenol 
was precipitated from an aqueous solution of crude 4- 
-rnethoxy-3-(6-oxo-3(1 H)-pyrio^nylmetrtyl)phenol hydro- 
chloride (Example 34(f))- It was then washed and dried to 
give a buff solid, m.p. 95-98°. 

iii) This phenol (2.55 g) was added to a stirred suspen- 
sion of sodium hydride (1.00 g of a 50% dispersion in oil) 
in dry dimethytformamide at 40°. The mixture was then 
cooled to room temperature, 3,5-dibrorrx)-4-iodoben2onrtrile 
(4.00 g) added and the reaction mixture stirred at 60° for 
1.5 hours, when it was cooled and poured into water. The 
aqueous mixture was then extracted with ethyl acetate, the 
organic extracts combined and washed with water, dried 
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and evaporated to give a brown oil which solidified on 
trituration with dichlorornethane and petroleum spirit This 
solid was recrystallised from metrianol/water to give 3,5- 
-dibrorm>4-{4-methoxy-3-(6-oxo-3(1 H)-pyridazinylmethyl)- 
phenoxy)ben2onitrtle (2.53 g, 46.5%)m.p. 214-216°. 

iv) To a solution, of this nitrite (0.50 g) in dry dich- 
lorornethane (10 ml) cooled to -70° was added to a solution 
of diisooutytaiuminium hydride in toluene (3 ml, 25% w:w 
solution), and the resulting mixture stirred for 45 minutes. It 
was then poured into ice-cold 2N aqueous hydrochloric acid 
with vigorous stirring. After 20 minutes, chloroform (50 ml) 
was added and the mixture filtered to remove insoluble 
material. The phases were extracted twice with chloroform, 
the organic extracts combined, washed with water, dried 
and evaporated. The residue was.chromatographed on sili- 
ca gel with toluene and acetic acid (25:1) as eluants. The 
fractions were evaporated to dryness, azetroped with water 
and the residue recrystallised from ethyl acetate/petroleum 
spirit to give 3,5-dibromc-4-(4-methoxy-3-(6-oxo-3(lH)- 
-pyno^nylmetrryl)pherK3xy)ber^aJdehycle (0.21 g, 42%), 
m.p. 1B3-184°. 

iv) A solution of this benzaldehyde (0.35 g), anhydrous 
sodium acetate (0.09 g), and N-acetylgrycine (0.13 g) in 
acetic anhydride (5 ml) was stirred at 100° under nitrogen 
for 19 hours. The dark brown solution was then evaporated 
to dryness and triturated with water to give a light brown 
solid. This solid was treated with 2N aqueous sodium 
hydroxide (5 ml) and ethanol (10 mi) at 50° for 30 minutes. 
The mixture was then cooled and brought to pH 6 by 
addition of glacial acetic acid. The solution was concen- 
trated to remove ethanol, diluted with water and extracted 
with ethyl acetate. The organic extracts were combined, 
washed with water, then dried and evaporated to dryness. 
The residue was chromatographed on silica gel, with 
chtoroform/glaciaJ acetic acid (20:1) as eluant, to give a- 
-acetamido-0-<3,5-dibnxTx>^-(4- 

-pyrro^nytrnetrtyl)phenoxy)phenyl-i -propanoic acid as a 
buff-coloured solid (0.120 g, 30%), m.p. 240-243°. 

Elaboration of this intermediate (or alternatively the 
intermediate product of (iii)) by standard methods gives the 
title compound. 

(b) Methane sulphonyl chloride (3.6 g) was added to a 
solution of 3-bromo-4-r»ydroxy-5-nrtrorxm (7.7 g) 

in dry pyridine (100 ml), and the mixture heated at reflux for 
10 min. A solution of 4-methoxy-3-(6-oxo-3(lH)- 
-pyrKJazinylrnethyl)phetX)l (prepared as in Example 44(a)) - 
(6.6 g) in dry pyridine (50 ml) was then added and the 
resultant dark mixture heated at reflux for 1.5 hours, then 
allowed to cool to room temperature. The solvent was then 
evaporated and the residue dissolved in dichlorornethane - 
(150 ml), washed with aqueous 2N hydrochloride acid (100 
ml), water (100 ml), aqueous saturated sodium bicarbonate 
solution (2 x 100 ml) and water (4 x 100 ml), then dried 
and evaporated to dryness. The orange residue was dis- 
solved in IMS, treated with charcoal and filtered. On addi- 
tion of water (200 ml) and cooling a precipitate was formed 
which was filtered off and dried. This solid was recrystal- 
lised from ethyl acetate/petroleum spirit to give 3-bromo-5- 
-nrtro-4-(4-memoxy-3-(6-oxo-3(1 H)-pyridazinylmethyl)- 
phenoxy)benzaWehyde (5.2 g, 40%) as a yellow solid, m.p. 
188-190°. 

Elaboration of this intermediate by standard methods 
gives the title compound. 

The structures of the compounds synthesised in Exam- 
ples 33-44 are given below. 
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Example Ar 



R 7 =R 8 



X RlO 



33 

34 
35 

36 



37 

38 
39 
40 

41 

42 
43 
44 




\ 



O L-CH 2 CH(NH 2 )C0 2 H 



N — NH 



v 



L-CH 2 CH (NHCOCH 3 )C0 2 H 




O -CH 2 C0 2 Na 



NH 



D-CH 2 CH(NH 2 )C0 2 H 
DL-CH 2 C(CH 3 ) (NH 2 )C0 2 H 
DL-CH 2 CH(NH 2 )C0 2 H 



Br 
I 

CI 
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I 
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Br 

Br 
Br 
Br 
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O H 

O H 

O H 
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Example A 



65 



from 



A syrup formulation for oral administration is prepared 
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Compound of Example 33 10 mg 

Propylene glycol io g 

Methyl parahydroxybenzoate 0,1 g 

Propyl parahydroxybenzoate 20 mg 

Sorbitol solution (70% w:v) 20 ml 

Flavours 0.5 mg 

Saccharin Sodium 5.0 mg 
Water to 100 ml 



by dissolving the active ingredient and preservatives in the 
propylene glycol, adding the sorbitol, flavours, sweeteners, 
mixing, and adjusting the volume to 100 ml with water. 



20 



Example B 



A solution for injection (0.5 mg/ml) is prepared from 



Compound of Example 33 
sodium hydroxide (0.1N) 
Hydrochloric acid (0.1N) 
Sodium chloride 
Water 



50 mg 
4 ml 
to pH 10 

0.9 g 
to 100 ml 



The active ingredient is dissolved in the sodium hydroxide, 
the volume adjusted to 80-90 ml with water and the pH 
adjusted to 10 by dropwise addition of the hydrochloric acid. 
Finally the sodium chloride is added, the volume adjusted to 
100 ml with water and the filtered solution filled into am- 
poules or vials. The final product can be steriised by 
fitteratjon or by autoclave. 
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Example C 

A o.i mg tablet for oral administration is prepared from 
the following: 



mg/ tab let 



Compound of Example 33 o.l 

Microcrystalline cellulose 81.9 

Sodium Starch glycollate 4 

Lactose 45 

Magnesium Stearate 1 

[Film coat (colour & polymers) 3] 



The active ingredient is milled and mixed with the 
microcrystaJline cellulose, sodium starch glycollate and lac- 
tose in a suitable Wender. The magnesium stearate is 
added, the mixture blended to obtain uniformity and the 
mixture compressed into a tablet Optionally the tablet is 
then provided with the aqueous film coating containing 
colour. 



60 Example D 

A suppository for rectal administration is prepared by 
forming a melt of the compound of Example 33 (100 mg) 
and suppocire A.M. (1900 mg), pouring the molten mass 
65 into suitable moulds and allowing to cool. 

Biological Data 
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(a) Dosing Solutions 

Compounds of structure (I) were dissolved in the mini- 
mum possible volume of N NaOH and diluted in 0.01 M 
NaOH/0.154M NaCI or 50% polyethylene glycol (Koch- 
-Light; MW-400) in distilled water. Final concentrations 
gave the required dose/kg in 1 ml for i.m. injection and in 5 
ml for oral dosing. 

(b) Mitochondrial ^-Glycerophosphate Dehydrogenase - 
(GPDH; EC 1.1.9 9.5) Measurement 

The activity of GPDH in 100 ul aliquots of diluted 
tissue homogenates was determined at 37° according to 
the method of Fried, G.H., Greenberg, N. and Antopol. W., 
(Proc. See. Exp. Biol. Med. 1961, l£7. 523-5). In this 
assay GPDH was used to catalyse the reduction by sn- 
-glycerol-phosphate of 2-p-iodo-3-nitro-5-phenyi tetrazolium 
chloride (I.N.T.) to the corresponding formazan. The for- 
mazan was extracted with ethyl acetate and its absorbence 
determined at 490 nm. The activity of each tissue was 
measured in duplicate at two dilutions and corrected for 
non-specific reduction of I.N.T. found in the absence of sn- 
-gfycerol-3-phosphate. 

(c) Metabolic Rate 

Metabolic rate was measured by a calibrated, 
pressure-activated device which delivered small, known vol- 
umes of oxygen to a rat in a closed chamber containing 
soda lime to absorb expired CO,. The temperature was 
maintained at 29 ± 0.3°. Afternatively, the depression of 
oxygen concentration in air flowing through an animal cham- 
ber at a known rate is used as a measure of oxygen 
consumption by the animaJ. 

(d) Effect on Plasma Cholesterol. 

Total plasma cholesterol levels were determined by the 
use of a cholesterol oxidase kit. for example the Merck 
CHOD Iodide colourimetric kit 

(e) Effect on Plasma Triglyceride Levels. 

Plasma triglyceride levels were measured using en- 
zymatic colour tests (Merck System GPO-PAP method). 

RESULTS 



(i) Effect on GPDH Levels and Metabolic Rate 

After 7 daily oral or intramuscular doses of 
0.1 to 50mg/kg, the compounds of Examples 1 to 4, 8, 12, 
16 to 18, 20, 25, 33 to 38 and 42 were found to have 
raised the basal metabolic rate of euthyroid rats by around 



20%, and raised hepatic GPDH levels by between 3 to 5 
fold without significant effect on cardiac GPDH levels. No 
significant toxic side-effects were observed during these 
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(ii) Effect on Total Plasma Cholesterol and Triglyceride 
Levels 

The compound of example 1 namely, L-3,5-Dibromo- 
-3'-(6-oxo-3(1H)-pyridylmethyl)-thyronine reduced dog plas- 
ma total cholesterol levels by up to 42% and raised meta- 
bolic rate by 10 to 20% without affecting heart rate after 7 
daily i.v. doses of 1 to 10 mg/kg. 

The compound of example 3 namely, L-3,5-Dichtoro- 
-3*-(6-oxo-3(iH)-pyridylmethyl)-thyronine reduced dog plas- 
ma total cholesterol levels by up to 55% without affecting 
metabolic rate or heart rate after 7 daily i.v. doses of 8.5 
mg/kg. 

The compound of example 33 namely, L-3,5-Dibromo- 
-3*-(6-oxo-3(l H)-pyridazinylmethyl)-thyronine: 

(a) reduced serum total cholesterol of euthyroid cats by 
40% after 7 daily i.v. doses of 0.1 mg/kg. without affecting 
metabolic rate or heart rate. In the same experiment the 
compound lowered LDL cholesterol and the ratio of LDL to 
HDL cholesterol; 

(b) had no effect on heart rate or metabolic rate of hypothy- 
roid rats after 7 daily i.m. doses of 0.02 mg/kg; 

(c) reduced total plasma cholesterol of cholesterol fed 
euthyroid rats by 13% after 7 dairy oral doses of 0.01 
mg/kg; and, by 28% after 7 daily oral doses of 0.1 mg/kg; 

(d) reduced plasma total cholesterol of cholesterol fed hy- 
pothyroid rats by 60% after 14 daily oral doses of 0.01 
mg/kg; 

(e) reduced plasma triglyceride concentrations of chotesterol 
fed euthyroid rats by 71 % after 21 daily oral doses of 0.1 
mg/kg; 

(f) reduced plasma triglyceride concentrations of normal diet 
fed euthyroid rats by 71% after 21 dairy oral doses of i 
mg/kg; 

(g) reduced plasma triglyceride concentrations of chotesterol 
fed hypothyroid rats by 73% after 21 daily oral doses of 0.1 
mg/kg. 



The effect of a number of consecutive daily oral doses 
of the compounds of examples 2, 20, 34, 36, 37 and 42 on 
total plasma cholesterol of cholesterol fed hypothyroid rats 
is given in the following Table : 
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Example No. Daily Oral No. of %reduction in total 
Dose mg/kg Days plasma cholesterol 



20 
34 
36 
37 
42 



0.10 

0.01 

0.10 

0.01 r 

0.10 

0.01 



14 
7 
7 
7 
7 



64 
27 
74 
68 
60 
83 



No overt signs of toxicity were observed in any of the 
foregoing tests. 
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Claims 



1 . A compound of structure (I) 




(I) 



in which. 

R' is -CH 2 CR , R 3 NR 4 R* or YCOR*; 

R a is hydrogen or C i-*alkyl; 

R J is hydrogen or -COR*; 

R 4 is hydrogen or Ci^alkyl; 

R 1 is hydrogen, d^aikyl or Ci^alkanoyl; 

R* is hydroxy, Ci^aJkoxy, or -NR*R'; 
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V is a bond or Ci^aJkyiene; 

R 7 and R 1 are the same or different and are each hydrogen, 
halogen, C1.4 alkyl, nitro or amino, 

X is oxygen, sulphur, or CH 2 ; 

R* is hydroxy or a bwprecursor thereof; 

R" is hydrogen or Chalky!; and 

Ar is 4-rtydroxyphenyl, 5-hydroxy-2-pyridyl, 6-oxo-3(1 H)- 
-pyridyl, or a 6-oxo-3(1 H)-pyridazinyl group, 
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or a pharmaceutical fy acceptable salt thereof. 

2. A compound as claimed in claim 1 in which, Ar is a 6- 



-oxo-3-{lH)-pyridyl or 6-0X0-3(1 H)-pyridazinyl group. 
3. A compound as claimed in claim 1 or claim 2 in 



which R is 



NR 4 R S 

/ 2 
-CH2CR 

w 



and R 2 f R 4 , R* and R 6 are 



as defined in Claim 1. 

4. A compound as claimed in any one of claims i to 3 
which is : 



3,5-diiodo-3* -[6-oxo-3(1 H)-pyridylmethyrjthyronine, 
3,5-dlbromo-3 '-[6^0-3(1 H)-pyridylmetnyl]thyronine, 
3,5-dichloro-3 ; -[6-oxo-3(1 H)-pyridylmethyi]thyronine, 
3. 5-diiodo-3 '-[6-oxo-3( 1 H)-pyndazinylmethyJ]thyronine, 
3,5-dibromo-3 '-[6-oxo-3(1 HJ-pyridazinylmethylJthyronine, or 
3,5-dichloro-3'-[6-oxo-3(1 H)-pyrida2inylmethyl]thyronjne. 

5. A compound as claimed in Claim 4 in the form of the L- 
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-Isomer substantially free of the D- isomer. 

6. A pharmaceutical composition comprising a compound as 
claimed in claim 1, in association with a pharmaceutically 
acceptable carrier. 

7. A pharmaceutical composition comprising a compound as 
claimed in claim 5 in association with a priarmaceuticalry 
acceptable carrier. 

8. A compound as claimed in any one of claims 1 to 5 for 
use in therapy. 

9. A compound as claimed in any one of claims i to 5 for 
use as an antihyperlipidaemic agent 

10. A process for the preparation of a compound of struc- 
ture (I), which comprises deprotection of a compound of 
structure (If) 




O- 1 



(id 



in which 

G' is a protected group R 1 ; 

R 7 . R' t R 10 and X are as defined for structure (I); 

G* is hydroxy or, a protected hydroxy group; 

Ar' is 6-oxo-3(1 H)-pyridyl 6-oxo-3d H)-pyrida2inyl or a pro- 
tected group An 



50 



and thereafter, rf necessary, forming a phanriaceutically 
55 acceptable salt 

11. A process for the preparation of a compound of struc- 
ture (I) which comprises 



(a) reaction of a compound of structure (III) 
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in which R'° and Ar* are as defined for structure (II). X is 
oxygen or sulphur, and G* is a protected phenolic hydroxy 
group with a compound of structure (IV) 




wherein G' is CHO. CN, CH,Hal, a group R' or a protected 
group R\ R ,a is halogen or hydroxy, one of R' and R' is 
nrtro and the other is bromo or nrtro and Hal is hatogen; 

(b)reaction of a compound of structure (V) 




Ar 1 



in which G', and R'° are as defined for structure (III), Ar' is 50 
a -protected group Ar and A~ is an anion of a strong acid, 
with a compound of structure (IVA) 
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wherein G' is as described for structure (IV) and R' and R' 
are the same or different and each may be hydrogen, 
halogen, Ci^alkyl or nitro; 

(c) reaction of a compound of structure (VA) 



■Hal 



HCR 
I 

Ar 



10 



(VA) 



wherein R*° and G J are as defined for structure (II!) Ar* is a 
protected group Ar and Hal is halogen, with a compound of 
structure (IVC) 



20 




Alk 



(IVC) 



wherein Alk is Ci^alkyl and G' is as defined for structure - 
(IV); 

(d) reaction of a compound of structure (III) with a com- 
pound of structure (IVD) 



40 



Hal 




(IVD) 



in which Hal is halogen, G' is NO, or CN and R* and R" 
are the same or different and are each hydrogen, halogen 
or Ci^alkyl; 
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(e) reaction of a compound of structure (VI) 
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Hal 



in which Ar' is a protected group Ar, R'° is as defined for 
structure (III) and Hal is halogen, with a compound of 
structure (IVE) 



(VI) 



75 



R 8 



(IVE) 



in which G' is as described for structure (IV) and R' and R' 
are the same or different and each is hydrogen, halogen or 
Ct-^lkyl; 
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(f) reaction of a compound of structure (VI) with a com- 
pound of structure (IVF) 



--Oh 1 



(IVF) 



in which R 7 and R* are the same or different and each is 
hydrogen or Ci^aJkyl and G' is as defined for structure - 
(IV); 

(g) reaction of a compound of structure (VII) 
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\ 



H 2 CR 



(VII) 



75 

in which G l is NO* CHO, CN, CH,HaJ. a -group FT or a and X, R' and R' are as described for structure (II), with a 

protected group R\ Hal is halogen; G J is hydroxy, or a compound of structure (VIII) or a compound of structure • 

protected hydroxy group, R'°' is CN, CHO or CO a Ci^alkyi (IX) 

20 




(VIII) 



n 



(IX) 



in which Q a and G 4 are as hereinbefore described and G* is 
chloro or bromo; 

(h) reacting a compound of structure (X) 



35 



40 




in which G' is a protected group R';R 7 and R* are the same 
or different and are each hydrogen or halogen; X is oxygen 
or sulphur, R'° is hydrogen or Ci^alkyl and Ar* is 6-oxo-3- 
(iH)-pyridyl, 6-oxo-3(1H)-pyridazinyl or a protected group 
Ar, with an acid, 

and thereafter, if necessary, 



(i) converting a group G' to a group R' or protected group 
R'; 

(ii) converting a group G' to a hydroxy group or a protected 
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(X) 



hydroxy group; 

(iii) converting a group R ,0t to a group R ,c ; 

(rv) converting a group R 7 or R' into another group R 7 or R'; 

(v) removing any protecting groups; 

(vi) forming a pharmaceuticaJly acceptable salt 

12. A compound of structure (IIA) 



40 
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(HA) 



in which 

Q' is NO,. CHO, CN, CH,Hal, a group R' or a protected 
group R'; Hal is halogen; 

R', R\ and X are as described for structure (I); 

R*' is hydrogen, d^alkyi, -CHO, -CO,Ci.*alkyl or cyano; 



20 



25 



G* is NO,, hydroxy or a protected hydroxy group; 

Ar' is a protected group Ar, a 6-oxo-3(i H)-pyridyi group or 
a 6-oxc-3(1H)-pyridazinyi group: provided that, when G* is 
NO,. G> is OH or a protected OH. 



13. A compound of structure 



HCR 
I 

Ar 1 



10 



in which 

O* is t-butyi. halogen or XH; 

X is oxygen or sulphur; 

G r is hydrogen or t- butyl; 

G» is hydroxy, protected hydroxy or nitro; 



SO 



55 



R' 6 is hydrogen or C i-4alkyl; and 

Ar' is 6-0X0-3(1 H)-pyridyl, 6-oxo-3(1H)- pyridazinyl or a 
protected group Ar, with the proviso that when G* is t- butyl, 
then G* is t-butyi. 



14. A compound of structure (V) 
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(V) 



in which 

G a is hydroxy or protected hydroxy; 
R'° is hydrogen or Ci-ialkyI; 



Ar' is a protected group Ar as described for structure (I); 
and 

20 A" is an anion of a strong acid. 
15. A compound of structure (VII) 




(VII) 



in which 

G' is NO,, CHO, CN, CH,Hal, a group FT or a protected 
group R'; 

Hal is halogen; 

G* is hydroxy, or a protected hydroxy; 



tBu 



40 R' 0 ' is CN, CHO or CO,C,^alkyl; 
X is oxygen, sulphur or CH a ; and 

R 7 and R' are the same of different and are each hydrogen. 
45 halgoen, Ci^alkyt, nitro or amino. 

16. A compound of structure (X) 



50 



HO 




(X) 



HCR 
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in which 



G' is a protected group R'; 



R* and R" are the same or different and are each hydrogen 
or halogen; 

X is oxygen or sulphur 



R'° is hydrogen or d^aJkyl; and 

Ar' is 6-0X0-3(1 H)-pyridyl, 6^xo-3(1 H)-rjyridazinyi or a pro- 
5 tected group Ar. 



10 



17. A compound of structure 



tBu 

Hell 10 
I 

Ar ■ 



25 



G 8 is bromo or a group — O — /' G 1 ; 



G' is a protected group; 45 

R\ R' and R" are hydrogen or halogen; Claims for contracting state : AT 

R" is hydrogen or Ci^alkyl; and 

* . . so t . a process for the preparation of a compound of structure 

Ar 1 is a protected group Ar, 6-oxo«3(1H)-pyridyi or 6-oxo-3- (I) 

(IH)-pyridaztnyl. 

55 
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(I) 



in which, 

R' is -CH a CR , R 3 NR 4 R» or YCOR*; 

R* is hydrogen or C i^alkyl; 

R 3 is hydrogen or -COR*; 

R 4 is hydrogen or Ci^alkyl; 

R* is hydrogen, Ci^alkyl or Ci^alkanoyl; 

R* is hydroxy, Ci^alkoxy, or -NR 4 R*; 

Y is a bond or Ciw»aJkyiene; 

R' and R' are the same or different and are each hydrogen, 



20 



25 
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35 



halogen, Ci^ alky!, nitro or amino, 
X is oxygen, sulphur, or CH 2 ; 
R f is hydroxy or a bioprecursor thereof; 
R'° is hydrogen or Ci^alkyl; and 

Ar is 4-hydroxyphenyl, 5-hydroxy-2-pyridyi, 6-oxo-3(iH)- 
-pyridyl, or a 6-oxo-3(1 H)-pyridazinyf group, 

or a pharmaceutically acceptable salt thereof, which com- 
prises 



(a) reaction of a compound of structure (III) 




(III) 



in which R'° is as defined for structure (I), Ar' is 6-oxo-3- 
{1H)-pyridyl, 6-oxo-3-{lH)-pyridazinyl or a protected group 
Ar, X is oxygen or sulphur, and G 3 is a protected phenolic 
hydroxy group, with a compound of structure (IV) 
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(IV) 



wherein G' is CHO, CN, CH a HaI, a group R' or a protected 75 
group R\ R'* is halogen or hydroxy, one of R' and R" is 
nrtro and the other is bromo or nrtro and Hal is halogen; 

(b)reaction of a compound of structure (V) 

20 




36 

in which G*. and R" are as defined for structure (III), Ar" is 
a protected group Ar and A" is an anion of a strong acid, 
with a compound of structure (IVA) 

40 




(IVA) 



wherein G' is as described for structure (IV) and R' and R' 

are the same or different and each may be hydrogen 55 

halogen, Ci-48Jky1 or nrtro; 

(c) reaction of a compound of structure (VA) 

60 
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Hal 



(VA) 



wherein R'° and G* are as defined for structure (ill) Ar' is a 
protected group Ar and Hal is halogen, with a compound of 
structure (IVC) 



75 



Alk 



HO 



Alk 



(IVC) 



wherein Alk is Ci^alkyl and Gl is as defined for structure - 
(IV) 

(d) reaction of a compound of structure (III) with a com- 
pound of structure (!VD) 



30 



35 



(IVD) 



in which Hal is halogen, G' is NO, or CN and R* and R B 
are the same or different and are each hydrogen, halogen 
or Ci^alkyl; 

(e) reaction of a compound of structure (VI) 
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(VI) 



in which Ar' is a protected group Ar, R'° is as defined for 15 
structure (III) and Hal is halogen, with a compound of 
structure (IVE) 



(IVE) 



R 



in which G' is as described for structure (IV) and fV and R D 
are the same or different and each is hydrogen, halogen or 
Ci^aiKyi; 



(f) reaction of a compound of structure (VI) with a com- 
35 pound of structure (IVF) 



(I VP) 



in which R 7 and R' are the same or different and each is 50 
hydrogen or Ci^aJkyl and G' is as defined for structure - 
(IV) 



(g) reaction of a compound of structure (VII) 
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(VII) 



in which G' is NO a , CHO, CN, CH,HaJ, a group R* or a 
protected group R', Hal is halogen; G a is hydroxy, or a 
protected hydroxy group, R ,n * is CN, CHO or CO a Ci^alkyl 



20 



and X, R 7 and R B are as described for structure (I)*, with a 
compound of structure (VIII) or a compound of structure - 
(IX) 




(VIII) 



0? 

;\ 



(IX) 



in which G 3 and G 4 are as hereinbefore described and G* is 35 
chloro or bromo; 



(h) reacting a compound of structure (X) 



40 



tBu 

I , 
Ar 




o 




(X) 



in which G' is a protected group R' R 7 and R" are the same 
or different and are each hydrogen or halogen; X is oxygen 
or sulphur, R'° is hydrogen or Ci^alkyl and Ar" is 6-oxo-3- 
(IH)-pyridyl, 6-oxo-3(lH)-pyridazinyl or a protected group 
Ar, with an acid, 
and thereafter, if necessary, 



(i) converting a group G' to a group R l or protected group 
R'; 

(ii) converting a group G' to a hydroxy group or a protected 
hydroxy group; 



65 



(iii) converting a group R'°' to a group R'°; 

(iv) converting a group R 7 or R 1 into another group R 7 or R B ; 

(v) removing any protecting groups; 

(vi) forming a pharmaceuticaJly acceptable salt 

2. A process for preparing a compound of structure (I) or a 
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pharmaceutical^ acceptable salt thereof as defined in claim 
1 which comprises deprotection of a compound of structure 
(H) 




(ID 



Ar 



in which 

Q r is a protected group R1 as defined for structure (I); 

R', R*, R ,B and X are as defined for structure (I); 

Q* is hydroxy or, a protected hydroxy group; 

Ar' is 6-0x0-3(1 H)-pyridyl, 6-oxo-3(1 H)-pyridazinyl or a pro- 
tected group An 

and thereafter, if necessary, forming a pharmaceutical ly 
acceptable salt 



3. A process as claimed in 1(b) in which A" is 
tristnfluoroacetate or perchtorate. 

4. A process as claimed in 1 (h) in which the acid is a Lewis 
Acid. 

5. A process as claimed in 4 in which the Lewis Acid is 
aluminium trichloride. 

6. A process as claimed in any one of claims 1 to 5 when 
used to prepare a compound of structure (I) which is : 



a.S-diicxjo-S'-^-oxo-SflHJ-rjyridylmethylJthyronine, 
3,5-dibromo-3'-[6-axo-3(1 H)-pyrioVinwthyl]myronine, 
3,5-dichloro-3*-[6-oxo-3<1 H)-rjyrkiylm 
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S.S-diiodc-S'-fe-ow-SnHJ-Dyrid^ 

3.5-dibromo-3'-[6-oxo-3<1 H)-pyrida^inylnrethyl]thyronine, or 

S.S-dichJoro-S'-ie-oxo-SCI Hj-pyridazinylmethyljthyronine. or 
a pharmaceutical^ acceptable salt thereof. 



7. A process for the preparation of a pharmaceutical com- 
position which comprises bringing into association a com- 
pound of structure (I) or a priarrnaceutically acceptable salt 
thereof as defined in claim 1 and a pharmaceuticalry ac- 
ceptable carrier. 

8. A process as claimed in claim 7 in which the compound 
of structure (I) is : 



3.5-diiodo-3 , -[6-oxo-3(1 Hj-pyridylmethyijthyronine, 
3, 5-d ibromo-3 ' - [6-oxo-3 ( 1 H )-pyricrylmethyl]thyiT>nine ? 
3,5-dichtoro-3'-[6-oxo-3(1H)-rjyri^ 
3 t 5-dikxJo-3*-f6-oxo-3(1 H)-pyridaa^ 

3,5-dibromo-3'-[6-oxo-3(1 HJ-pyridazinylmethylJthyronine, or 

S.S-dichloro-S'-te-oxo-Sn H)-pyridazinylmethyl]thyronine, or 
a pharmaceutically acceptable salt thereof. 
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